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(57) ABSTRACT 

The invention relates to a device to be used in a wireless 
communication system with CSMA-based MAC, comprising 
means for transmitting at least a first and a second RTS 
message and at least a first and a second data packet on a 
transmission medium, and a spatially selective antenna. It is 
further proposed that said device uses a distributed antenna 
that combines the antenna elements of several devices and 
that said device observers the transmissions of other devices, 
analyzes the observed transmissions for transmission patterns 
and adapts its own transmissions to said detected transmis 
sion patterns. The invention further relates to a system, a 
method and a computer program to be used in a wireless 
communication system. 
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PERFORMANCE OF A WIRELESS 
COMMUNICATION SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority under 35 USC S119 
from European Patent Application No. EP03025719.0, filed 
Nov. 10, 2003, which is incorporated by reference herein. 

FIELD OF THE INVENTION 

0002 The invention relates to a device, a system, a method 
and a computer program to be used in wireless communica 
tion systems. 

BACKGROUND OF THE INVENTION 

0003. Since the introduction of lightweight portable com 
puters (laptops, notebooks), a great deal of attention has been 
focused on the development of wireless computer networks 
(Wireless Local Area Network, WLAN). Thanks to standard 
ization in the field of LANs, it is comparatively easy to find 
systems that will still be upgradeable even in a few years 
time. Around 70% of all computers connected to networks are 
compliant with the Institute of Electrical and Electronics 
Engineers (IEEE) 802.3 (Ethernet) and IEEE 802.5 (Token 
Ring) standards. Connection is normally over a permanent 
wireline link. The problems that can occur are the surfacing of 
mechanical defects (corrosion) after a few years and viola 
tions of rules on radiated interference. It is difficult to adapt 
these networks to cope with changing office conditions. 
Mobile network nodes are not possible. 
0004. The obvious approach is to leave out the cable 
entirely. This idea is almost as old as the concept of the 
so-called ALOHA system, which used radio to connect ter 
minals to their processing computers. The newer WLANs 
work with the most up-to-date radio technology. Data is 
encrypted and extensive error-protection mechanisms are 
available. Integrity of data is also guaranteed. Just like wire 
line LANs, WLANs can be divided into different architec 
tures and performance categories. Many companies offer 
products for wireless point-to-point connections, but only 
very few build LANs for multipoint communication. Today 
wireless networks use spread-spectrum, narrowband micro 
wave or infrared signals for transmission. Because of legal 
regulations, networks using spread-spectrum and narrow 
band microwave cannot be operated in most countries unless 
special authorization has been given. The only exemption of 
this is operation in a license exempt band, e.g., Industrial, 
Scientific and Medical (ISM) band, where under a set of given 
rules for channelization and emitted power operation of radio 
equipment is allowed, generally. An example of this is the 2.4 
GHz band, where the first WLANs have been positioned. 
0005. A WLAN need not to be organized centrally, and 
instead may have a completely distributed architecture with a 
dynamic allocation of network and network node identifiers. 
In contrast to a wireline network, WLANs using the same 
radio channel cannot be separated from one another. Over 
lapping can occur. Another problem with radio channels is the 
range restriction. Mobile WLAN nodes and unfavourable 
propagation characteristics can cause the fragmentation of a 
network. 
0006. As a result of the channel characteristics and the 
applications for which WLANs are advantageous, WLANs 
have to be frequently operated in an overlapped fashion. If the 

Mar. 18, 2010 

radio range of some of the stations in network A should 
overlap with some of the stations in network B then these 
members share the transmission medium and its transmission 
capacity in the area where the overlapping occurs. An over 
lapping of networks produces two effects: First, the senders in 
the different WLANs use the same frequency band, thereby 
increasing the occurrences of interference. As a result, opti 
mal use of the frequency band is no longer possible because 
not all the stations are able to receive from each other (hidden 
stations) and therefore can cause interference to each other. 
Second, a station receives data packets from several WLANs 
with different WLAN identifiers (LIDs). All received data 
packets are evaluated, and only those with its own LIDS are 
accepted. As a result, there is a decrease in the maximum 
possible data transmission capacity and consequently also the 
data transmission rate in this area. 
0007. In view of this problem, it is thus an object of the 
invention to improve the performance of wireless communi 
cation systems by enhancing the coexistence with other wire 
less communication systems. 
0008. As an example for a WLAN standard, IEEE 802.11 
has been designed for use in Industrial, Scientific and Medical 
(ISM) bands. The Federal Communications Commission 
(FCC) in the USA prescribed maximum power levels only, 
band edge interference, and the requirement to use spread 
spectrum in order to minimize interference with already 
existing communication systems. It designated the frequency 
bands 902-928 MHz, 2400-2483.5 MHz and 5725-5850MHz 
to these ISM bands. 

0009 IEEE 802.11 has defined two Physical Layer (PHY) 
standards for the 2.4 GHz ISM band: one using the Frequency 
Hopping Spread Spectrum (FHSS) technique, and one using 
the Direct Sequence Spread Spectrum (DSSS) technique. An 
alternative is the specification of an Infrared (IR) physical 
layer. IEEE 802.11 stations using any of the three technolo 
gies operate at a data rate of 1 Mbit/s (optionally 2 Mbit/s) and 
at 11 Mbit/s according to standard IEEE 802.11b. Recently 
work has been finished on the specification of a 20 Mbit/s 
PHY at 5 GHz. Target frequencies are those opened by the 
FCC in 1997 for Unlicensed Information Infrastructure Net 
works (U-NII). 
(0010. The protocols of IEEE 802.11 are specified for 
slowly moving stations, usually indoors but not limited to 
this, communicating among each other (Ad Hoc Mode) or 
with stations beyond their direct communication range with 
the support of an infrastructure (Infrastructure Mode). The 
communication is packet-oriented. 
(0011. The IEEE 802.11 MAC protocol provides two types 
of service: asynchronous and contention-free. The asynchro 
nous type of service is provided by the Distributed Coordi 
nation Function (DCF), which implements as the basic access 
method the Carrier Sense Multiple Access (CSMA) with 
Collision Avoidance (CA) protocol. The contention-free type 
of service is provided by the Point Coordination Function 
(PCF), which basically implements a polling access method. 
Unlike the DCF, the implementation of the PCF is not man 
datory. Furthermore, the PCF itself relies on the asynchro 
nous service provided by the DCF. 
0012. The time between two frames is called Interframe 
Space (IFS). In order to determine whether the medium is 
free, a station has to use the carrier sense function for a 
specified IFS. The standard specifies four different IFSs, 
which represent three different priority levels for the channel 
access. The shorter the IFS, the higher the priority. The IFSs 
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are specified as time gaps on the medium and are independent 
of the channel data rate. Owing to the different characteristics 
of the different PHY specifications, the IFS time durations are 
specific for each PHY. 
0013. According to the DCF, a station must sense the 
medium before initiating the transmission of a packet. This 
mechanism is schematically depicted in FIG. 1. 
0014 FIG. 1 schematically depicts the transmissions of 
frames 101.a. 101e of five stations 102a ... 102e, where time 
proceeds in each row of FIG. 1 from left to right. Because the 
frames 101a . . . 101e have to be transmitted on the same 
shared transmission medium, a CSMA/CA protocol is 
obeyed by each of said stations 102a ... 102e. The first row 
of FIG. 1 shows the transmission of a frame 101a by station 
102a. As indicated by the vertical arrows 103b ... 103d in the 
second, third and fourth row of FIG. 1, data packets arrive at 
stations 102b, 102 c and 102d, so that these stations require to 
access said shared transmission medium to transmit the arriv 
ing data packets. Said three stations 102b, 102c and 102d now 
start sensing the medium. If the transmission medium is 
sensed as being busy, the transmission of stations 102b, 102c 
and 102d is deferred and a backoff process is started for each 
station, wherein said backoff process is only started after a 
DCF IFS (DIFS) period 104-1 during which the medium is 
determined to be idle for the duration of the DIFS. Specifi 
cally, each station computes a random number uniformly 
distributed between Zero and a maximum called Contention 
Window (CW). The random number is multiplied by the slot 
time, resulting in the backoff interval used to set the backoff 
timer. In FIG. 1, said backoff intervals 105b . . . 105e are 
schematically depicted, wherein already elapsed backoff time 
slots are depicted as white boxes and remaining backoff time 
slots are depicted as gray boxes. For instance, in the third row 
of FIG. 1, the backoff interval of station 102c only consists of 
four timeslots, and after the duration of said timeslots, station 
102c starts the transmission of a frame 101C. 

0015 The backoff timers 105b ... 105e are decremented 
only when the medium is idle, whereas they are frozen when 
another station is transmitting. This can be spotted in the 
second row of FIG. 1. Station 102b has computed a backoff 
interval 105b consisting of nine time slots. After four elapsed 
time slots, the backoff timer is frozen due to the transmission 
of said frame 101c by said station 102c. 
0016 Each time the medium becomes idle, the station 
waits for a DIFS and then periodically decrements the backoff 
timer. The backoff timer of station 102b thus is only decre 
mented again after the next DIFS period 104-2, where two 
time slots of the backoff interval 105b of station 102b elapse 
before the backoff timer is frozen again due to a frame 101d 
transmitted by station 102d. 
0017. As indicated by the last row of FIG. 1, a data packet 
103e arrives at station 102e during the transmission of frame 
101c, so that station 102e has to start a backoff process as 
well. As can be seen by comparing the backoff intervals 105b 
of Station 102b and 105e of Station 102e after the next DIFS 
period 104-2, both backoff intervals 105b and 105e have the 
same length, so that, after the next DIFS period 104-3, three 
time slots elapse until both stations 102b and 102e concur 
rently start the transmission of frames 101b and 101e, respec 
tively. If two or more stations start transmission simulta 
neously, a collision 106 occurs. 
0018. Unlike wired networks (e.g. with CSMA/CD in 
IEEE 802.3), in a wireless environment Collision Detection 
(CD) is not possible. Hence, a positive acknowledgment ACK 
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207 (see FIG. 2) is used to notify the sending station 202 that 
the transmitted frame 205 has been successfully received. The 
transmission of the ACK 207 is initiated at a time interval 
equal to the Short IFS (SIFS) 206-3 after the end of the 
reception of the previous frame 205. 
0019. If the acknowledgment is not received in a specified 
time interval, the station assumes that the transmitted frame 
was not successfully received, and hence schedules a retrans 
mission and enters the backoff process again. However, to 
reduce the probability of collisions, after each unsuccessful 
transmission attempt the Contention Window is doubled until 
a predefined maximum (CWmax) is reached. After a Success 
ful transmission, the Contention Window is reset to CW. 
0020. After each frame transmission, a station must 
execute a new backoff process. Therefore at least one backoff 
is in between two transmissions of the same station. 

0021. In view of the above-mentioned problems, it is thus 
a further object of the present invention to improve wireless 
communications systems by reducing the number of colli 
sions. 

0022. In radio systems based on medium sensing, a phe 
nomenon known as the hidden-station problem may occur. 
This problem arises when a station is able to successfully 
receive frames from two different stations but the two stations 
cannot receive signals from each other. In this case a station 
may sense the medium as being idle even if the other one is 
transmitting. This results in a collision at the receiving sta 
tion. 

(0023 To deal with the hidden-station problem, the IEEE 
802.11 MAC protocol includes a mechanism based on the 
exchange of two short control frames, as depicted in FIG. 2: 
a Request-to-Send (RTS) frame 201 that is sent by a potential 
transmitter 202 to the receiver 203 and a Clear-to-Send (CTS) 
frame 204 that is sent by the receiver 203 in response to the 
received RTS frame 201. Said CTS frame 204 can be sent by 
the receiver 203 after waiting for a SIFS 206-1. If the CTS 
frame 204 is not received within a predefined time interval, 
the RTS frame 201 is retransmitted by executing the backoff 
algorithm described above. After a successful exchange of the 
RTS and CTS frames, the data frame 205 can be sent by the 
transmitter 202 after waiting for a SIFS 206-2. The imple 
mentation of the RTS packet 201 is optional, whereas all 
stations must be able to answer to a RTS frame 201 with the 
belonging CTS frame 204. 
0024. The RTS 201 and CTS 204 frames include a dura 
tion field that specifies the time interval necessary to com 
pletely transmit the data frame and the related acknowledg 
ment (ACK) 207. This information is used by stations 208, 
209 that can hear either the transmitter 202 or the receiver 203 
to update their Network Allocation Vector (NAV) 210, 211, a 
timer that, unlike the backoff timer, is continuously decre 
mented irrespective of the status of the medium. Since sta 
tions 208, 209 that can hear either the transmitter 202 or the 
receiver 203 refrain from transmitting until their NAV 210, 
211 has expired, the probability of a collision occurring 
because of a hidden station 208,209 is reduced. Ofcourse, the 
drawback of using the RTS/CTS mechanism is an increased 
overhead, which may be significant for short data frames. 
0025. Furthermore, the RTS/CTS mechanism can be 
regarded as away to improve the MAC protocol performance. 
In fact, when the mechanism is enabled, collisions can obvi 
ously occur only during the transmission of the RTS frame 
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201. Since the RTS frame 201 is usually much shorter than the 
data frame 205, the waste of bandwidth and time due to the 
collision is reduced. 
0026. However, when using the RTS/CTS mechanism, not 
only the hidden stations, but all stations in the coverage area 
of the transmitter 202 and the receiver 203 receiving said RTS 
frame 201 or CTS frame 204 update their NAVs 210, 211 and 
refrain from initiating further data transfers. This may result 
in a waste of bandwidth in particular if stations with spatially 
selective antennas are deployed in the WLAN system, 
because the spatially selective transmission and reception of 
frames naturally requires much less stations to be calmed 
down when trying to mitigate the hidden station problem. 
0027 Prior art document U.S. Pat. No. 6,611,231 B2 dis 
closes methods, apparatuses and systems for use in a wireless 
routing network. One apparatus, for example, includes an 
adaptive antenna that is configurable to receive a transmission 
signal from a transmitter and in response, transmit corre 
sponding multi-beam electromagnetic signals exhibiting a 
plurality of selectively placed transmission peaks and trans 
mission nulls within a far field region of a coverage area. U.S. 
Pat. No. 6,611,231 B2 discloses to determine if there is a 
potential for interference with neighboring nodes prior to 
transmitting a CTS message, to transmit said CTS message to 
a targeted node using a narrow beam, if there is no significant 
potential for interfering with said neighboring nodes, and to 
transmit said CTS message to said targeted node and one or 
more of said neighboring modes using one or more beams if 
there is significant potential for interfering with said neigh 
boring nodes. 
0028. This approach requires knowledge on the spatial 
propagation channels towards said neighboring nodes prior to 
transmission. Furthermore, said neighboring stations thus are 
intentionally calmed down by said CTS message to reduce 
interference, which may result in a waste of bandwidth. U.S. 
Pat. No. 6,611,231 B2 further discloses to have a pair or more 
of spatially separated wireless routing devices on a location or 
node. For example, a separation of about 20 wavelengths may 
be provided between the antenna arrays. The routing devices 
can allow a higher percentage of receive time using one of the 
antenna arrays, and also provide the potential of simultaneous 
transmit streams from the same approximate site. 
0029. In view of the above-mentioned problems, it is thus 
a further object of the present invention to improve the per 
formance of wireless communication systems by enhancing 
the use of the available transmission bandwidth. 

SUMMARY OF THE INVENTION 

0030. It is thus a general object of the present invention to 
provide a device, a system, a method and a computer program 
that improves the performance of a wireless communication 
system. 
0031. It is proposed that a device to be used in a wireless 
communication system with CSMA-based MAC comprises 
0032 means for transmitting at least a first and a second 
RTS message and at least a first and a second data packet on 
a transmission medium, and a spatially selective antenna, 
0033 wherein said second RTS message is transmitted 
after said first RTS message and before said transmission of 
said first data packet is finished, wherein said at least first and 
second data packet are transmitted on said transmission 
medium at least partially in parallel, and 
0034 wherein said device is adapted to use said spatially 
selective antenna to direct a transmission null towards a first 
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station for the transmission of said second RTS message, to 
direct a transmission peak towards said first station for the 
transmission of said first data packet, and to direct a trans 
mission peak towards a second station for the transmission of 
said second data packet. 
0035 Said device may for instance be an access point of a 
wireless communication system serving a plurality of sta 
tions, wherein Medium Access Control (MAC) for said 
device and said stations that compete for the jointly used 
transmission medium is performed by a Carrier Sense Mul 
tiple Access (CSMA) technique, wherein as well Collision 
Avoidance (CA) may be performed. In a packet-oriented 
CSMA system, said device and said stations are only allowed 
to transmit messages and data packets if the shared transmis 
sion medium is sensed to be idle, wherein said transmission 
medium is understood to be defined by the time, carrier fre 
quency (or Sub-carrier frequency in an Orthogonal Frequency 
Division Multiplex (OFDM) system), spreading code and 
polarization state of the transmission. 
0036. If a first data packet bound for a first station arrives 
at said device, for instance via the core network said device is 
connected to, the device transmits a Ready to Send (RTS) 
message which contains an identifier of said first station and 
a variable that indicates the duration a transfer of said first 
data packet on said transmission medium would require. This 
duration may include the time required by said first station to 
acknowledge the receipt of said first data packet. Said RTS 
message may be transmitted by said device with an omnidi 
rectional antenna pattern, for instance by a single omnidirec 
tional antenna, or by controlling the spatially selective 
antenna to create an approximately omnidirectional pattern. 
The RTS message may then be received by several stations or 
devices within the coverage area of said access point. With 
said identifier of said first station being contained in said RTS 
message, said first station may recognize said identifier and 
may transmit a Clear to Send (CTS) message. The procedure 
of transmitting a RTS message in order to receive a CTS 
message as answer is denoted as "polling. The transmission 
of the CTS message may take place with a spatially selective 
antenna or with an omnidirectional antenna. Said CTS mes 
sage may contain said identifier of said first station and said 
variable that indicates the duration of said transfer, as well. 
Other stations or devices receiving said RTS message may 
recognize said identifier contained in said RTS message and 
refrain from transmitting messages or data packets for a 
period of time that corresponds to the duration as indicated by 
said variable that may be contained in said RTS message. 
These devices and stations are thus “calmed down” for the 
transmission of said first data packet and an optional 
Acknowledgment (ACK) message that may be transmitted 
after the transmission of said first data packet by said first 
station. In this way, collisions during the data exchange 
between said device and said first station with messages or 
data packets transmitted by other stations on said transmis 
sion medium during the transmission of said CTS message 
(transmitted by said first station on said transmission 
medium) or first said data packet (transmitted by said device 
on said transmission medium) may be avoided. When receiv 
ing the CTS message, said device may recognize the identifier 
that may be contained in said CTS message. Said device may 
deploy its spatially selective antenna to estimate transmission 
parameters of said first station, for instance the spatial signa 
ture or the Direction of Arrival (DOA) of said first station. 
Said estimated transmission parameters, together with said 
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identification of the first station, may be stored in a routing 
table for later use. The CTS message may also be received by 
other stations or devices in the coverage area of said first 
station, which may recognize the identifier and variable indi 
cating the duration of said transfer and refrain from transmit 
ting messages or data packets for a period of time that corre 
sponds to the duration as indicated by said variable that may 
be contained in said CTS message, thus avoiding collisions 
during the data exchange between said device and said first 
station with stations or devices in the coverage area of said 
first device. 

0037 Upon reception of said CTS message, said device 
may start with the transmission of said first data packet, 
wherein said device uses its spatially selective antenna, for 
instance an adaptive antenna array consisting of several 
antenna elements that may be controlled in base band depend 
ing on the desired antenna array characteristic, to direct a 
transmission peak towards said first station. Directing a trans 
mission peak towards a station is to be understood as a tech 
nique of distributing as much transmission power as possible 
on one or more propagation paths of a spatial channel 
between said device with said spatially selective antenna and 
said first station. Thus the antenna characteristic does not 
necessarily have to take its maximum in the direction of said 
first station, as seen from said spatially selective antenna at 
said device, in particular if the Line-of-Sight (LOS) between 
said device and said first station is blocked or otherwise 
heavily attenuated. Distributing power on the respective 
propagation paths is generally considered as forming 
“beams' towards the angles under which said propagation 
paths arrive or depart from said spatially selective antenna (in 
azimuth and/or elevation). In the sequel, the term “beam’ will 
also be used in a more general sense to describe the antenna 
characteristic of said spatially selective antenna used to trans 
mit a data packet to a station, wherein said antenna charac 
teristic may of course comprise a plurality of beams, each for 
power distribution on a single propagation path in the spatial 
channel between said device and a station. 

0038. In directing a transmission peak towards a station, 
the spatial channels between said device and further stations, 
to which signals shall be transmitted by said spatially selec 
tive antenna at least partially in parallel to the transmission of 
said first data packet bound for said first station, might as well 
be taken into account. In particular if several data packets 
have to be transmitted at least partially in parallel, i.e. if 
spatial multiplexing takes place, it is not always possible to 
distribute transmission power on all the propagation paths 
between said device and said first station, because propaga 
tion paths between further stations and said device may over 
lap with the propagation paths of said first device. Overlap 
ping paths then should not be used at all, or a different set of 
stations the data packets of which are to be spatially multi 
plexed should be chosen by applying spatial scheduling tech 
niques, which may be based on the information contained in 
said routing table. 
0039 Directing a transmission peak towards said first sta 
tion with a spatially selective antenna when transmitting said 
first data packet ensures that a substantial part of the trans 
mission energy is concentrated towards said first station, so 
that, for a constant overall transmission power, the Signal-to 
Noise-and-Interference Ratio (SNIR) of the signals received 
at said first station is considerably increased as compared to 
the transmission with an omnidirectional antenna. Further 
more, less interference is caused at devices or stations which 
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are not positioned in the elongation of the beams that may be 
formed by the spatially selective antenna to illuminate the 
propagation paths in the spatial channel between said device 
and said first station. Increasing the SNIR at said first station 
and reducing the interference caused at other stations of the 
wireless communication system (and also neighboring com 
munication systems operating in the same frequency range) is 
only one aspect of the device according to the present inven 
tion. 

0040. The increased SNIR may equally well be exploited 
in a way that less error protection may be admitted to the 
transmitted signals, thus increasing the data rate of the signals 
transmitted in said first data packet, or higher modulation 
alphabets may be used, which, for constant symbol rate, as 
well increases the data rate. For instance, instead of a PHY 
mode with Binary Phase Shift Keying (BPSK), a PHY mode 
with Quaternary Phase Shift Keying (QPSK) could be applied 
as modulation technique. When QPSK is used instead of 
BPSK, the duration of a transmission of a data packet is 
effectively halved, i.e., the same amount of data can be trans 
mitted in half of the time. When no further data is sent in the 
remaining half of the original BPSK transmission time, it is 
easily seen that the interference power that is imposed on 
other stations in the elongation of said beams formed by said 
spatially selective antenna has been reduced in the time 
domain. Alternatively, the remaining half of the original 
BPSK transmission time can be used to transmit a further 
QPSK-modulated data packet, thus doubling the throughput. 
The spatially selective antenna thus can be deployed to either 
decrease the interference or to increase the throughput in the 
wireless communication system, so that the use of the avail 
able transmission bandwidth is enhanced. 

0041. In state-of-the-art wireless communication systems, 
said device uses a timer that indicates when said transmission 
medium will no longer be busy, i.e. occupied by the transmis 
sion of said first data packet and an optional ACK message 
transmitted by said first station. In an IEEE 802.11 system, 
this timer may be identified as the Network Allocation Vector 
(NAV) of an access point. According to the present invention, 
said device includes information on said NAV in said RTS 
messages to calm down the stations that receive said RTS 
message and the CTS message transmitted by said first station 
that contains the same information, but does not observe the 
NAV himself, so that further data packet transmissions can 
take place concurrently to an already established data packet 
transmission between said device and said first station. The 
prerequisite for this concurrent transmission of data packets, 
which is controlled and performed by said device, is a spa 
tially selective antenna, that allows for spatial multiplexing of 
several data packets on the same transmission medium. It is 
advantageous that the stations to which data packets are trans 
mitted to in parallel are spatially separable, i.e. the respective 
spatial channels between said device and said stations have to 
be approximately orthogonal to an extent that allows proper 
signal reception at each station without receiving too much of 
the data packets that are intended to be received at the remain 
ing stations. 
0042. By transmitting a second RTS message, which con 
tains an identifier of a second station and a variable indicating 
the duration a transfer of a second data packet on said trans 
mission medium would require, said device prepares the 
transmission of a second data packet, so that the transmission 
of said first data packet and said second data packet may take 
place at least partially in parallel on the same transmission 
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medium. Both data packets thus can be transmitted at the 
same time, on the same carrier frequency (or frequency Sub 
carrier in an Orthogonal Frequency Division Multiplex 
(OFDM) system), with the same spreading code, and with the 
same polarization. In order not to disturb the already set up 
transmission of said first data packet between said device and 
said first station, said second RTS message is transmitted by 
said spatially selective antenna with a transmission null 
directed towards said first station. Directing a transmission 
null towards a station is understood here in a way that as few 
transmission power as possible is to be distributed on the 
propagation paths in the spatial channel between said device 
and said station. When several transmission peaks or nulls 
have to be formed in parallel due to spatial multiplexing of 
more than one station, it might not always be possible to force 
the power that is received at a station that is to be nulled 
exactly to zero. It often is sufficient to reduce the amount of 
transmission power that is received at a station that is to be 
nulled below the noise or interference level. 

0043. Whereas the first station now does not receive said 
second RTS message, further stations such as a second station 
may do. Based on said identifier and said variable indicating 
the duration of a transfer of said second data packet, said 
second station may notice that it is no longer required to 
refrain from transmitting, because it has been directly polled 
by said device via said second RTS message. The second 
station may thus respond to said second RTS message with a 
CTS message, into which said identification and said variable 
may have been copied. Upon reception of said CTS message, 
said device may start the transmission of a second data packet, 
wherein said spatially selective antenna is used to direct a 
transmission peak towards said second station. 
0044) This procedure may be repeated with a third RTS 
and a third data packet being transmitted to a third station, 
respectively. The polling of stations by sending RTS mes 
sages and waiting for CTS messages before transmission of 
data packets by said device is optional. If the transmission 
parameters for the stations to which data packets shall be 
transmitted are known, possibly from a routing table, said 
device may directly start with the transmission of data packets 
to stations. 

0045. When transmitting said second data packet to said 
second station concurrently to the transmission of said first 
data packet to said first station, said device may advanta 
geously direct a transmission null towards said first station to 
reduce interference. Alternatively, spatial scheduling tech 
niques based on the transmission parameters of said first and 
second station, e.g. the DOAS of both stations, are applied to 
decide if concurrent data transmission to both stations is 
possible without explicitly having to form transmission nulls 
towards the respective other station. 
0046. In the above-described scenario with two data pack 
ets being transmitted at least partially in parallel, it may as 
well be possible to wait with the transmission of the first data 
packet until the CTS from the second station is received, and 
to start the transmission of the first and second data packet 
jointly. This has the advantage that, if the transmission param 
eters of the second station are estimated from the received 
CTS message that is transmitted by said second station, the 
transmission parameters of said first and second station can 
be considered when transmitting said first and second data 
packets, i.e. a peak is directed towards said first station and a 
null towards said second station for the beam that is formed 
for the transmission of said first data packet, and a peak is 
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directed towards said second station and a null is directed to 
said first station for the beam that is formed for the transmis 
sion of said second data packet. 
0047 According to this approach, by sending said first 
RTS message and receiving said first CTS message, said 
access point has successfully reserved the transmission 
medium that is shared among a plurality of stations and 
devices for the duration that is specified in the first RTS 
message and may have been copied into the first CTS mes 
sage by said first station. In effect, said access point now uses 
the reserved transmission period to poll a further station with 
a second RTS message and to await the reception of a second 
CTS message originating from said polled second station. 
The remainder of the reserved transmission period then is 
used for the transmission of data packets to both said first 
station and said second station under the use of spatial mul 
tiplex. Performing a second polling procedure for the second 
station is possible because the RTS/CTS messages are much 
shorter than the data packets, and because the deployment of 
a spatially selective antenna allows to increase the SNIR at 
each receiving station, so that a higher PHY mode can be used 
(for instance, QPSK-modulation instead of BPSK-modula 
tion) and, correspondingly, less time for the transmission of 
the same amount of data is required. 
0048 However, if the transmission of said first data packet 
has already begun when the CTS message transmitted from 
said second station is received at said device, it might as well 
be possible to re-shape the beam that is used for the transmis 
sion of said first data packet so that the transmission param 
eters estimated from said received CTS message of said sec 
ond station can be considered in said beam as well. 

0049. In transmitting said CTS message, said second sta 
tion may advantageously use a spatially selective antenna to 
direct a transmission peak towards said device as well. So that 
an already set up data exchange between said device and said 
first station is disturbed only in a minimum way. The trans 
mission parameters required for directing a transmission peak 
towards said device by said second station may be estimated 
from said received second RTS message. 
0050. It may be possible that there exist stations with a 
spatially selective antenna and stations with an omnidirec 
tional antenna in the same wireless communication system. It 
may further be possible that for the initiation of data transfer, 
said device uses RTS/CTS-polling for said first station, and 
no RTS/CTS polling for the second station, or vice versa. 
0051. This approach thus represents an effective way of 
enhancing the use of the available transmission bandwidth in 
a wireless communication system. 
0052. It is further proposed that a device to be used in a 
wireless communication system with CSMA-based MAC, 
comprises means for transmitting one RTS message and at 
least a first and a second data packet on a transmission 
medium, and a spatially selective antenna, wherein said one 
RTS message contains information on at least a first and a 
second station to which said at least first and second data 
packet are to be transmitted, respectively, 
0053 wherein said device is adapted to use said spatially 
selective antenna to direct a transmission peak towards said 
first station and a transmission null towards said second sta 
tion for the transmission of said first data packet and a trans 
mission peak towards said second station and a transmission 
null towards said first station for the transmission of said 
second data packet, and 
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0054 wherein said transmission of said first data packet 
takes place at least partially in parallel to the transmission of 
said second data packet. 
0055 Said device, for instance an access point of said 
wireless communication system that serves a plurality of 
stations, polls said first and second station with one single 
RTS message that contains identifiers of the first and second 
station and variables that indicate how long the transmission 
of said first and second data packet (optionally including the 
duration of an ACK message transmitted by said first and 
second stations in reply to said first and second data packets, 
respectively) will occupy the jointly used transmission 
medium. In an IEEE 802.11 system, this may for instance be 
achieved by modifying the single-cast/multi-cast addressing. 
Said polling is advantageously performed with an omnidirec 
tional antenna characteristic, so that all stations within the 
coverage area of said device are informed of the future data 
transmission and refrain from transmitting messages and data 
packets by themselves. The first and second station, upon 
reception of said one RTS message, may recognize said iden 
tifiers, and copy their according identifier and variable into 
first and second CTS messages, which are transmitted by said 
first and second station, respectively. Upon reception of said 
CTS messages, said device may start the transmission of a 
first data packet to said first station, i.e. by directing a trans 
mission peak towards said first station, and the transmission 
ofa second data packet to said second station, i.e. by directing 
a transmission peak towards said second station, so that both 
data packets are spatially multiplexed on the jointly used 
transmission medium. It is advantageous to further transmit 
transmission nulls towards the respective other station during 
the transmission of said data packets. The transmission 
parameters of said first and second station that are required to 
direct the transmission peaks may be estimated by said device 
during the reception of said respective CTS messages, or be 
known in advance. Other devices and stations receiving said 
CTS messages notice that data transmission will take place 
and do not transmit packets or messages at least during the 
time that is indicated by said variable in said CTS messages. 
The above-described technique can be performed for three or 
more data packets that are at least partially transmitted in 
parallel on said jointly used transmission medium to respec 
tive stations, as well, by including further identifiers and 
variables into said one RTS message. 
0056. Apparently, this approach allows for the concurrent 
transmission of several data packets on the shared transmis 
sion medium and thus allows for an enhanced use of the 
available transmission bandwidth. 
0057 According to an embodiment of a device according 

to the present invention, the device is further adapted to use 
said spatially selective antenna to direct a transmission null 
towards said second station for the transmission of said first 
data packet, and to direct a transmission null towards said first 
station for the transmission of said second data packet. 
0058 Directing a transmission peak towards the station a 
data packet is to be transmitted to and transmission nulls 
towards all other known stations to which data packets are 
transmitted concurrently vastly reduces the interference 
between the concurrent data transmissions and further 
increases the SNIR at each station that is receiving a data 
packet. 
0059. It is further proposed that a device to be used in a 
wireless communication system with CSMA-based MAC, 
comprises means for transmitting a first RTS message and a 
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data packet on a transmission medium, means for transmit 
ting a NULL message, which indicates that said transmission 
medium is idle, and a spatially selective antenna, wherein said 
NULL message is transmitted after the transmission of said 
first RTS message and before the transmission of said data 
packet is finished, and 
0060 wherein said device is adapted to use said spatially 
selective antenna to direct a transmission null towards a first 
station for said transmission of said NULL message and to 
direct a transmission peak towards said first station for said 
transmission of said data packet. 
0061. If said device is an access point of a wireless com 
munication system, said device uses said first RTS message, 
which includes an identifier of a first station and a variable 
indicating the duration of the transmission of a data packet, in 
order to poll a first station. Said RTS message is advanta 
geously transmitted with an omnidirectional antenna charac 
teristic. Upon reception, said first station may copy said iden 
tifier and said variable into a CTS message and transmit said 
CTS message. In this way, other stations and devices in the 
coverage area of said device and said first station recognize 
how long the jointly used transmission medium will be busy 
with the transmission of said data packet between said device 
and said first station and refrain from transmitting messages 
and data packets during the time indicated by said variable. 
Upon reception of said CTS message, in a state-of-the-art 
system said device would start the transmission of said data 
packet, and the medium would be blocked by said transmis 
Sion. However, by transmitting a NULL message, wherein 
said spatially selective antenna is used to directa transmission 
null towards said first station for the transmission of said 
NULL message, the stations and devices that receive said 
NULL message are informed that the transmission medium is 
idle. Said first station is, of course, excluded from said reset 
ting operation by directing a transmission null towards said 
first station for the transmission of said NULL message. For 
the transmission of said data packet to said first station, said 
device directs a transmission peak towards said first station, in 
order to increase the SNIR at said first station and in order to 
cause as few interference power at other devices and stations 
in said wireless communication system (and neighboring 
communication systems). 
0062 By the spatially selective transmission of said 
NULL message, excluding said first station, all devices and 
stations that received said RTS or CTS messages and said 
NULL message are now enabled to transmit messages and 
data packets on their own, so that parallel transmission of data 
packets can take place and the transmission medium is more 
effectively used. Collisions between said additional transmis 
sions and said transmission of said data packet between said 
device and said first data packet are mitigated by the trans 
mission peak directed towards said first station by said device 
to enhance its SNIR, and may be further mitigated if the 
devices or stations that start parallel data or message trans 
missions use spatially selective antennas as well and direct 
transmission nulls towards said first station for their transmis 
sions. The transmission parameters of said first station may be 
estimated by said devices and stations during the reception of 
said CTS message that is transmitted by said first station, or 
may be known in advance. 
0063 Said NULL message may be transmitted before the 
transmission of said data packet, or in parallel to the trans 
mission of said data packet, so that a longer time duration for 
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the transmission of the data packet is available, which may be 
used to increase the packet length or data rate of the data 
packet. 
0064. This approach thus represents an effective way of 
reducing the duration of periods during which devices and 
stations are calmed down by a spatially selective antenna and 
thus enhances the use of the available transmission bandwidth 
in a wireless communication system. 
0065. It is further proposed that a device to be used in a 
wireless communication system with CSMA-based MAC 
comprises means for transmitting a first RTS message and/or 
data packet on a transmission medium, means for setting a 
timer that indicates when said transmission medium will no 
longer be busy, and a spatially selective antenna, wherein said 
timer is set to its minimum value, 
0066 wherein said device is adapted to use said spatially 
selective antenna to direct a transmission peak towards a first 
station for said transmission of said data packet, and wherein 
said first data packet contains information on the duration of 
further data packet transmissions for said first station. 
0067 Said timer is set to its minimum value, so that only a 
short data packet can be transmitted. By sending the RTS 
message, advantageously with an omnidirectional antenna 
characteristic, all devices and stations in the coverage area of 
said device are calmed down, but only for a minimum dura 
tion. After the reception of a CTS message from the station 
that has been polled by said device with said first RTS mes 
sage, said device may start the transmission of said first data 
packet, wherein a spatially selective antenna is used to direct 
a transmission peak towards said first station. The SNIR is 
thus increased at said first station, and less interference power 
is caused at other stations and devices that are not positioned 
in the elongation of the beam that is radiated by said spatially 
selective antenna. Said first data packet, which is received by 
said first station, may advantageously contain an identifier of 
said first station and a variable indicating the duration of 
transfers of further data packets that said device intends to 
transmit to said first station. Only the devices and stations, 
including said first station, that are positioned in the elonga 
tion of the beam that is radiated by said spatially selective 
antenna during the transmission of said first packet receive 
this information, and only said devices and stations excluding 
said first station are calmed down by this information, i.e. 
refrain from further message or data packet transmission 
during the period as indicated in said first data packet. Said 
first station, in contrast, recognizes that said device uses said 
first data packet to poll said first station, and may respond to 
said polling with an ACK or CTS message, so that said device 
may transmit said further data packets to said first station, 
wherein advantageously a transmission peak is directed 
towards said first station to keep the overall interference 
power low. 
0068 Choosing the minimum possible timer value in said 

first RTS message thus calms the devices and stations in the 
coverage area of said device only down for the minimum 
possible time, so that further data transmission can be initi 
ated and performed during the actual data transmission 
between said device and said first station. Said data transmis 
sion between said device and said first station can be extended 
by information contained in said first data packet, which 
calms down only those stations that are positioned in the 
elongation of the beam that is radiated by said device for the 
transmission of said first data packet. 
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0069. It may be advantageous that the transmission of an 
acknowledgment can be postponed in the present approach, 
so that no acknowledgment has to be transmitted by the first 
station at least after the reception of the first data packet. The 
time interval after which said device awaits an acknowledg 
ment from the first station may be increased. It thus can be 
avoided that the first station transmits an acknowledgment in 
omnidirectional mode and causes interference to other sta 
tions or devices. 
0070 This approach thus represents an effective way of 
reducing both the number of stations and devices that are 
calmed down and the duration of the respective calming down 
periods. 
0071. According to an embodiment of a device according 
to the present invention, said first RTS message is transmitted 
with an omnidirectional antenna characteristic. 
0072 Said first RTS message is intended to calm down the 
stations and devices that are in the coverage area of said first 
device, which is of particular importance for the collision 
free exchange of further messages and data packets between 
said device and said first station. If this data exchange has 
been securely established, the calming down of stations or 
devices that received that first RTS message may be reset by 
direct polling with a further RTS message by said device or by 
the transmission of a NULL message, as indicated above. 
0073. The transmission of said first RTS message is advan 
tageously performed with an omnidirectional antenna char 
acteristic, either by using a spatially selective antenna and 
controlling the spatially selective antenna in a way that an 
approximately omnidirectional antenna characteristic is 
achieved, or by using an omnidirectional antenna that is either 
part of said spatially selective antenna or is provided sepa 
rately. An omnidirectional antenna characteristic is under 
stood to be an antenna characteristic that allows to transmit a 
signal into all azimuth directions with a sufficient power level. 
If a spatially selective antenna is not capable of providing 
Such a characteristic, omnidirectional radiation may be 
achieved by repeatedly transmitting the same signal and each 
time changing the direction of the transmission peak. For 
instance, if a sectored antenna with three controllable sectors 
is used, a signal has to be transmitted into the three sectors of 
said sectored antenna Successively. 
0074 The transmission of said RTS message with an 
omnidirectional antenna characteristic Supports the estima 
tion of transmission parameters of said device for stations or 
devices that receive said RTS message and use a spatially 
selective antenna themselves. 
0075 According to an embodiment of a device according 
to the present invention, the device further comprises means 
for receiving CTS messages that are transmitted by said sta 
tions in reply to said RTS messages and/or ACK messages 
that are transmitted by said stations in reply to said data 
packets, wherein said device is adapted to use said spatially 
selective antenna to direct according reception peaks and 
reception nulls towards said transmitting stations so that at 
least two messages that are transmitted by at least two of said 
stations at least partially in parallel on said transmission 
medium, respectively, can be properly received by said 
device. 
0076 Said stations may respond to RTS-polling of said 
device with a CTS message, which may either be transmitted 
with a spatially selective antenna or with an omnidirectional 
antenna. An identifier of a station and a variable that indicates 
the duration of a future data packet transmission between said 
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device and the station as identified by said identifier, which 
both are contained in said RTS message, may have been 
copied into said CTS message before said CTS message is 
transmitted by said station. Similar to the RTS message, said 
CTS message serves the purpose of calming down the devices 
and stations that receive said RTS or CTS message. ACK 
messages are transmitted by stations to acknowledge proper 
reception of data packets from said device, which may as well 
be performed with a spatially selective antenna or an omni 
directional antenna. If two CTS messages are transmitted by 
a respective first and second station at least partially in par 
allel on said jointly used transmission medium, said device 
deploys its spatially selective antenna to direct a reception 
peak towards said first station and a reception null towards 
said second station for the reception of the CTS message that 
has been transmitted by said first station, and vice versa for 
the reception of the CTS message that has been transmitted by 
said second station. Whereas the forming of transmission 
peaks and nulls is an active process, where, for instance in the 
case of an adaptive antenna array with controllable weights 
for each antenna element, weights are adjusted to achieve an 
antenna characteristic with the desired peaks and nulls and 
multiplied with the transmission signal prior to transmission, 
forming reception peaks and nulls is a passive process 
wherein the receive signals at each antenna element are mul 
tiplied with an adjusted weight in order to perform spatial 
filtering of the received signals. In both cases, the transmis 
sion parameters of each station, for instance the DOA of the 
station as seen from an adaptive antenna array at said device, 
have to been known in order to compute the weights that 
represent the transmission/reception antenna characteristic. 
In the reception case, the signals received at all antenna ele 
ments may be processed to estimate said transmission param 
eters, and after said estimation, the weights may be computed 
underjoint or separated consideration of the estimated trans 
mission parameters of all stations that contributed to that 
receive signals by transmitting signals. The received signals 
at the antenna elements may then be multiplied with the 
weights that have been computed for each station, so that the 
signals as transmitted by the respective stations can be repro 
duced. 

0077 According to an embodiment of a device according 
to the present invention, the device further comprises means 
for estimating transmission parameters that are required to 
direct transmission and/or reception peaks or nulls towards 
said stations, wherein said transmission parameters are at 
least partially estimated from receive signals at said spatially 
selective antenna that originate at least partially from said 
CTS and/or ACK messages that are transmitted by said sta 
tions, or from RTS messages and data packets that have been 
transmitted by said stations before. 
0078 Estimation of transmission parameters is based on 
the signals that are received at the antenna of said device, 
wherein said signals are the CTS and/or ACK messages that 
are transmitted by said stations and propagate through the 
radio channel, wherein propagation effects such as fading and 
shadowing attenuate and distort the originally transmitted 
messages. Whereas an attenuation factor is comparatively 
easily detected by comparison of the transmission power 
level of a carrier or sub-carrier (if known) and the correspond 
ing receive power level; spatial information is more difficult 
to obtain from a received signal. A coarse estimation of the 
DOA may for instance beachieved by switching through the 
sectors of a sectored antenna with controllable sectors or a 
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Switched beam antenna. For adaptive antenna arrays, a couple 
of high resolution parameter estimation techniques have been 
developed, for instance the subspace-based MUSIC and 
ESPRIT algorithms or the maximum-likelihood-based 
SAGE algorithm. 
0079 Transmission parameter estimation can in general 
be performed in a blind or non-blind fashion. Blind tech 
niques do not require a training sequence, i.e. it is not required 
that a part of the transmitted signal is known at the receiver 
before its actual reception. In contrast, non-blind algorithms 
require Such knowledge. In an OFDM system, it is common 
practice to transmit so-called pilot tones on the Sub-carriers of 
the OFDM system that are known at the receiver and, under 
certain circumstances, allow to estimate the spatial channel 
between each station and each antenna element of an adaptive 
antenna array deployed at said device and that for each fre 
quency Sub-carrier. It mainly depends on the technique 
according to which the antenna characteristic is adjusted 
whether the complete spatial channels are required or 
whethera DOA, possibly with a corresponding power level, is 
sufficient. 
0080. It is further proposed that a device to be used in a 
wireless communication system with CSMA-based MAC, 
comprises means for transmitting at least a first RTS message 
and/or at least one data packet on a transmission medium, 
means for setting a timer that indicates when said transmis 
sion medium will no longer be busy, and 
I0081 a spatially selective antenna, wherein said device is 
adapted to use said spatially selective antenna to direct a 
transmission peak or a transmission null towards at least a 
first station for the transmission of said at least first RTS 
message and for the transmission of said at least one data 
packet, and wherein said device is adapted to transmit said at 
least first RTS message and/or said at least one data packet on 
said transmission medium only after said timer has expired. 
I0082 Said device may for instance be an access point or 
station in a wireless communication system. Said device may 
have been calmed down, i.e. it has set an internal timer that 
indicates when said transmission medium will no longer be 
busy with message or packet transmissions of other stations. 
In an IEEE 802.11 system, said timer may be the NAV of said 
device. The calming down may have been caused by the 
reception of an RTS message or CTS message which may 
contain an identifier of a station or device and a variable that 
indicates the duration of a future data transmission that 
involves at least said station as identified by said identifier. 
I0083. After said timer, which may for instance be a NAV 
timer, has expired, said device recognizes that said transmis 
sion medium is idle and may start to direct transmission peaks 
or nulls towards stations for its data or message transmissions. 
Before that transmission is started, the medium may have to 
be sensed to be idle for a certain IFS, and after said IFS, a 
back-off timer may have to be awaited. By the directive 
transmission of said device, less other stations receive the 
transmitted signals, and, correspondingly, less collisions 
occur. Collisions thus are spatially avoided, where in a state 
of-the-art system, only temporal avoidance is necessary due 
to the use of omnidirectional antennas in Such prior-art-sys 
tems. The transmissions of said device may either be initiated 
with an RTS/CTS procedure or may directly start with the 
transmission of a data packet. It is advantageous that the 
transmission parameters that are required to direct according 
transmission peaks and nulls towards stations are known at 
said device, especially if no RTS/CTS procedure is per 
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formed. However, observing the expiration of said timer 
before transmission may help to avoid collisions with already 
set up data packet exchanges between other stations and 
devices. 
0084. This approach is advantageous in that less stations 
are calmed down and less interference is caused to other 
stations, so that the use of the available transmission band 
width is enhanced, collisions are avoided and coexistence 
with other wireless communication systems is enhanced. It is 
particularly advantageous that said device further comprises 
means for determining the duration of an idle period of said 
transmission medium, wherein said device is allowed to start 
a transmission on said transmission medium only if the dura 
tion of said idle period is larger than a first IFS, which is 
chosen smaller thana second IFS that has to be awaited in said 
wireless communication system by default in order to priori 
tize medium access of said device. Said device for instance 
may obey its own NAV timer, but after the NAV timer has 
expired, may not have to wait for a duration DIFS during 
which the medium is sensed idle before it can start a trans 
mission, but only for a shorter duration, e.g. a PIFS, so that its 
medium access is prioritized. 
0085. If is further proposed that a device to be used in a 
wireless communication system with CSMA-based MAC, 
comprises means for transmitting at least a first RTS message 
and/or at least one data packet on a transmission medium, 
means for setting a timer that indicates when said transmis 
sion medium will no longer be busy, and 
I0086 a spatially selective antenna, wherein said device is 
adapted to use said spatially selective antenna to direct a 
transmission peak or a transmission null towards at least a 
first station for the transmission of said at least first RTS 
message and for the transmission of said at least one data 
packet, and wherein said device is adapted to transmit said at 
least first RTS message and/or said at least one data packet on 
said transmission medium although said timer indicates that 
said transmission medium is still busy. 
0087 Said device may for instance be an access point or 
station in a wireless communication system. Said device may 
have been calmed down, i.e. it has set an internal timer that 
indicates when said transmission medium will no longer be 
busy with message or packet transmissions of other stations. 
In an IEEE 802.11 system, said timer may be the NAV of said 
device. The calming down may have been caused by the 
reception of an RTS message or CTS message which may 
contain an identifier of a station or device and a variable that 
indicates the duration of a future data transmission that 
involves at least said station as identified by said identifier. In 
a state-of-the-art system, where devices are equipped with 
omnidirectional antennas, ignoring said timer and transmit 
ting messages or data packets is most likely to cause a colli 
sion with data transmissions that already take place on the 
jointly used transmission medium, as it is indicated by said 
timer. However, due to the use of a spatially selective antenna, 
said device may direct transmission peaks or nulls towards 
stations for its data or message transmissions without disturb 
ing other data transmissions due to the spatially selective 
transmission and the reduced amount of caused interference 
power. For instance, a transmission peak may be directed to a 
station with which said device starts a data packet transmis 
Sion, or a transmission null may be directed to a station that 
already performs data packet exchange with a different 
device or station. The transmissions of said device may either 
be initiated with an RTS/CTS procedure or may directly start 
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with the transmission of a data packet. It is advantageous that 
the transmission parameters that are required to direct accord 
ing transmission peaks and nulls towards stations are known 
at said device. 

I0088. This approach is apparently advantageous in that 
less stations are calmed down and less interference is caused 
to other stations, so that the use of the available transmission 
bandwidth is enhanced, collisions are spatially avoided and 
coexistence with other wireless communication systems is 
enhanced. 

I0089. According to an embodiment of a device according 
to the present invention, at least a second data packet is 
transmitted at least partially in parallel to said transmission of 
said at least one data packet, and said device is adapted to use 
said spatially selective antenna to direct a transmission peak 
towards said first station and a transmission null towards a 
second station for the transmission of said at least one data 
packet, and to direct a transmission peak towards said second 
station and a transmission null towards said first station for 
the transmission of said at least second data packet. 
0090 The concurrent transmission of several data packets 
to different stations on the same transmission medium in the 
sense of spatial multiplexing is advantageous with respect to 
the increased throughput that then is possible on the shared 
transmission medium. Interference power is only emitted by 
said device in directions in which beams are formed by said 
spatially selective antenna in order to direct transmission 
peaks towards said desired stations. 
0091. According to an embodiment of a device according 
to the present invention, the device further comprises means 
for receiving CTS messages that are transmitted by said sta 
tions in reply to said RTS messages and/or ACK messages 
that are transmitted by said stations in reply to said data 
packets, wherein said device is adapted to use said spatially 
selective antenna to direct according reception peaks and 
reception nulls towards said transmitting stations so that at 
least two messages that are transmitted by at least two of said 
stations at least partially in parallel on said transmission 
medium, respectively, can be properly received by said 
device. 

0092 Said stations may respond to RTS-polling of said 
device with a CTS message, which may either be transmitted 
with a spatially selective antenna or with an omnidirectional 
antenna. An identifier of a station and a variable that indicates 
the duration of a future data packet transmission between said 
device and the station as identified by said identifier, which 
both may be contained in said RTS message, may have been 
copied into said CTS message before said CTS message is 
transmitted by said station. Similar to the RTS message, said 
CTS message serves the purpose of calming down the devices 
and stations that receive said RTS or CTS message. ACK 
messages are transmitted by stations to acknowledge proper 
reception of data packets from said device, which may as well 
be performed with a spatially selective antenna or an omni 
directional antenna. If two CTS messages are transmitted by 
a respective first and second station at least partially in par 
allel on said jointly used transmission medium, said device 
deploys its spatially selective antenna to direct a reception 
peak towards said first station and a reception null towards 
said second station for the reception of the CTS message that 
has been transmitted by said first station, and vice versa for 
the reception of the CTS message that has been transmitted by 
said first station. 



US 2010/0067505 A1 

0093. According to an embodiment of a devices according 
to the present invention, the device further comprises a rout 
ing table, wherein said routing table comprises transmission 
parameters of said at least first station, and wherein said 
transmission parameters are continuously updated by said 
device. 
0094. An entry in said routing table that corresponds to a 
station may for instance be updated each time a CTS message 
or ACK of said Station is received at said device by processing 
the received signal. The transmission parameters in said rout 
ing table may as well be averaged over a pre-defined time 
period or over a fixed number of updates to increase the 
accuracy of the transmission parameters. Alternatively, 
updates of said transmission parameters may be transmitted 
to said device from other stations or, if said device is an access 
point, be received via the core network. 
0095 According to an embodiment of a devices according 
to the present invention, said transmission parameters com 
prise information on the spatial propagation channel between 
said device and said at least first station, and/or on the noise 
and interference conditions at said at least first station, and/or 
on the best PHY mode that can be used with said at least first 
station. 
0096 Said transmission parameters may represent param 
eters such as the Direction-of-Arrival (DOA) of the main or a 
couple of propagation paths of a spatial channel between a 
station and said device, the corresponding attenuations, Dop 
pler shifts, path delays, or the spatial signature of a station. 
Furthermore, relative or absolute noise and interference lev 
els encounteredata station may be available. Advantageously 
this information is combined into a decision which Physical 
Mode (PHY mode) is best used when transmitting a data 
packet to a station, wherein said PHY mode summarizes 
parameters such as the symbol alphabet used in modulation, 
as for instance Binary Phase Shift Keying (BPSK) or Quater 
nary Phase Shift Keying (QPSK), or the code rate applied in 
channel coding, as for instance convolutional or turbo coding. 
0097. According to an embodiment of a device according 
to the present invention, said device is adapted to use said 
transmission parameters to schedule the stations to which 
RTS messages and/or data packets are transmitted in parallel. 
0098 Based on said transmission parameters, said device 
may decide which stations are Suited for spatial multiplexing. 
For instance, the DOAs of stations may be considered, and it 
may be demanded that there has to be a minimum angular 
separation between the DOAs of said respective stations if 
data packets shall be concurrently transmitted to said station 
on saidjointly used transmission medium. More concise deci 
sion algorithms may be imagined, for example checking the 
orthogonality of spatial signatures of stations. The PHY mode 
and QoS requirements of said stations may also be considered 
in the scheduling process. 
0099. According to an embodiment of a device according 
to the present invention, the device further comprises means 
for transmitting and/or receiving signals to and/or from sta 
tions that use spatially selective antennas. 
0100 If said stations are equipped with spatially selective 
antennas as well, the transmission and reception means of 
said device may have to be changed to achieve optimum 
throughput on the resulting Multiple-Input-Multiple-Output 
(MIMO) links between said device and said stations. Said 
means in said device may for instance be adapted to allow for 
the application of the Bell Laboratories Layered Space-Time 
Architecture (BLAST) or similar spatial multiplexing tech 
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niques that allow for the concurrent transmission of several 
data packets between said device and one single station. 
0101. According to an embodiment of a devices according 
to the present invention, the device further comprises means 
for determining the duration of an idle period of said trans 
mission medium, wherein said device is allowed to start a 
transmission on said transmission medium only if the dura 
tion of said idle period is larger than a first IFS, which is 
chosen smaller thana second IFS that has to be awaited in said 
wireless communication system by default in order to priori 
tize medium access of said device. 

0102 Said device may for instance be an access point of 
said wireless communication system that serves a plurality of 
stations. It may be part of a CSMA protocol to define a second 
Inter-Frame Space (IFS) that has to be obeyed by all devices 
and stations within said wireless communication system. 
Said determination of the duration of an idle period of said 
shared transmission medium is basically independent from 
the use of timers that are set in said device or stations to 
indicate when the transmission medium will no longer be 
busy (idle). Whereas said timers represent an virtual carrier 
sense mechanism, that only predicts future traffic on said 
shared transmission medium based on duration information 
that is announced in RTS/CTS frames as explained above, 
said determination of the duration of an idle period of said 
transmission medium can be considered as physical carrier 
sense mechanism. It may be preferred that said determination 
of said idle period of said transmission medium is only per 
formed by said device when said timer in said device has 
expired and thus indicates that the transmission medium is 
idle. Thus after the virtual carrier-sense mechanism has indi 
cated the medium to be idle, the physical carrier-sense 
mechanism actually checks for this idle state of the transmis 
sion medium. 

0103) Said device is equipped with a spatially selective 
antenna array and thus capable of spatial multiplexing tech 
niques. It is thus only natural to grant said device priority 
when accessing the transmission medium that has to be 
shared among said device, possibly further devices and said 
stations. According to the present invention, this is achieved 
by allowing said device to start a transmission on said trans 
mission medium already if the transmission medium is physi 
cally sensed to be idle for a first IFS, which is smaller than 
said second IFS that has to be obeyed by said stations and 
possibly by further devices in said wireless communication 
system. Said device then simply does not have to wait for the 
second IFS when willing to access said medium with a trans 
mission, but only for the shorter first IFS. When starting the 
transmission, said stations will be either calmed down, if 
RTS/CTS messages are transmitted, or will sense after the 
duration of said first IFS that the medium is no longer idle, so 
that an idle period of the length of the (standard) second IFS 
will only be encountered if said device refrains from medium 
access. For instance, if said wireless communication system 
is a IEEE 802.11 system or a derivative thereof, said second 
IFS may be the Distributed Coordination Function IFS 
(DIFS), and said first IFS may be the Point Coordination 
Function IFS (PIFS). As a further extension of this concept, it 
may be preferred that said device does not have to perform a 
back-off procedure at all. That is, when the medium is sensed 
to be idle for a duration longer than the first IFS, said device 
may instantaneously start a transmission irrespective of the 
state of its back-off timer. 
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0104. According to an embodiment of a device according 
to the present invention, said spatially selective antenna is a 
sectored antenna with dynamically activated sectors, or a 
Switched beam antenna, or an adaptive antenna array with 
controllable weights. 
0105. In a sectored antenna with controllable sectors, it 
can be dynamically chosen which sector of said antenna 
transmits the transmission signal. Such an antenna may for 
instance comprise six sectors of an aperture angle of 60°, or 
similar. In a Switched beam antenna, the maximum of the 
antenna characteristic can be dynamically Switched towards 
different angles. The width of the beam for each angle posi 
tion may substantially differ. A Switched beam antenna may 
for instance be realized with an antenna array, i.e. a group of 
single antenna elements, wherein the antenna elements are 
controlled by a phase delay network that delays the signal that 
is to be transmitted from each respective antenna element by 
pre-defined, element-specific factors to achieve the desired 
antenna characteristic. This is possible for a limited number 
of antenna characteristics, each with its own main looking 
direction. 

0106 An adaptive antenna array represents a group of 
antenna elements, wherein each antenna element is fed with 
an element-specific transmission signal that is obtained from 
the multiplication of a complex-valued weight factor with the 
signal that is to be transmitted by the adaptive antenna array. 
This multiplication may be performed in base-band, in an 
intermediate frequency range or at the radio frequency. The 
weight factors for the antenna elements are usually combined 
in a complex-valued weight vector, that represents the 
antenna characteristic or beam that is created by the antenna 
when a transmission signal is projected onto the single 
antenna elements via multiplication with said weight vector. 
Exploiting the Superposition principle, several transmission 
signals, for instance bound for different stations, may be 
projected onto the antenna elements with respective weight 
vectors and then concurrently transmitted by the adaptive 
antenna array. The term adaptive refers to the ability to elec 
tronically steer the beam of the antenna array by simply 
changing the weight vector, for instance based on a change in 
the DOA of a station to which a signal is transmitted. In the 
reception case, the signals received at the single antenna 
elements are multiplied with the weight factors within said 
weight vectors and then Summed to obtain the spatially fil 
tered receive signal. 
0107 The beam-width of an antenna array is mainly influ 
enced by the number of antenna elements and by, the spacing 
between the antenna elements. The beam-width decreases 
with increasing numbers of elements and with increasing 
distance between the antenna elements. If the distance 
between the antenna elements increases, the signals received 
at the single antenna elements become more and more uncor 
related, i.e. they do no longer only differ in phase but also 
show different amplitude due to the experience of different 
fading processes. With uncorrelated signals, diversity tech 
niques are applicable, as for instance micro- or macro-diver 
sity. In the transmission case, the antenna characteristic will 
then no longer appear like a beam. However, it is still possible 
to direct a transmission peak towards a station, i.e. to distrib 
ute as much transmission power as possible on the propaga 
tion paths between said device and a station. For instance, a 
spatial channel between an antenna array and a station, which 
is time-invariant and shows frequency-flat fading, is charac 
terized by a vector that contains a complex-valued transmis 
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sion factor for the channel between each antenna element of 
the antenna array and the single antenna of said station. To 
direct a transmission peak towards said station, a weight 
vector that simply contains the conjugate-complex transmis 
sion factors as weight factors can be used. Alternatively, 
techniques such as Space-Time Codes can be deployed to 
exploit the diversity of the wireless channel. 
0108. According to an embodiment of a device according 
to the present invention, said spatially selective antenna is a 
distributed antenna consisting of the antenna elements of at 
least two devices of said wireless communication system, and 
said devices are access points or stations of said wireless 
communication system that are connected by means of a 
wired or wireless link so that signals transmitted from and/or 
received at the respective antenna elements can be jointly 
processed. 
0109 Said device may for instance be an access point or a 
station of said wireless communication system. Said access 
point may only be equipped with a standard omnidirectional 
antenna. However, it may be interconnected with stations or 
other access points, so that said omnidirectional antenna and 
the antennas of said stations or access points can be combined 
into an antenna array. Said stations or other access points may 
either be equipped with omnidirectional antennas or with all 
other kinds of antennas, Such as sectored antennas, Switched 
beam antennas orantenna arrays. However, said device has to 
provide means to operate said distributed antenna for signal 
transmission and reception. The use of antenna elements that 
are distributed over the deployment area of the wireless com 
munication system allows to exploit macro-diversity tech 
niques, that exploit that signals transmitted by a station arrive 
at the distributed antenna elements rather uncorrelated, 
because they propagated on different propagation paths and 
thus experienced different fading. The interconnection of the 
devices the antennas of which are combined into a distributed 
antenna may be achieved by a wireless link, which is particu 
larly advantageous when access points are connected, or by 
wireless links such as radio links or optic links. In case of a 
wireless link, interference with the traffic of said wireless 
communication system has to be avoided by choosing a dif 
ferent center frequency or transmission signal format. Note 
that, although the interconnection of access points may be 
preferred, it is also possible for stations to interconnect. For 
instance, two lap-top users, equipped with a single omnidi 
rectional antenna each, may decide to interconnect them 
selves via a cable in order to exploit the diversity benefits of 
a distributed antenna. 
0110. According to an embodiment of a device according 
to the present invention, the device further comprises means 
for controlling the transmission power that is emitted by said 
device and/or by said stations, and said power control is 
performed in order to reduce the overall interference power 
while providing the Signal-to-Noise-and-Interference Ratio 
that is required for correct signal reception at both said device 
an said stations. 

0111 Power control may be performed by said device to 
reduce the power that is radiated with each beam. For 
instance, if a station is known to experience only a minor 
noise and interference power, the transmission power can be 
reduced accordingly when directing a transmission peak 
towards said station or when transmitting with an omnidirec 
tional antenna characteristic. The SNIR required by said sta 
tion may be considered in said power control process. Similar, 
when several data packets of different stations have to be 
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spatially multiplexed on the transmission medium, the algo 
rithm that determines the weight vectors for the respective 
stations may consider both the required SNIR at each station, 
the noise and interference power level at each station, and 
possibly the QoS requirements of said station. Power control 
levels may also be signaled to said stations in order to reduce 
the transmission power that is emitted by said stations when 
transmitting CTS messages or acknowledgment signals, 
because the spatially selective reception by said station, in 
particular forming reception beams towards said stations, 
allows for Such a reduction of said stations transmission 
powers. 
0112 According to an embodiment of a device according 
to the present invention, the device further comprises means 
for observing the transmissions of other devices within and/or 
without said communication system, means for analyzing the 
observed transmissions in order to detect transmission pat 
terns therein, and means for at least partially adapting the 
transmissions initiated by said device to said detected trans 
mission patterns in order to reduce interference between said 
device and said other devices. 
0113. According to the present invention, coexistence of 
different packet-oriented systems operating on the same 
transmission medium, which is characterized at least by the 
same time, carrier or Sub-carrier frequency, spreading code 
and polarization, may be supported. For instance, if said 
device is an access point of a wireless communication system, 
said access point may observe the transmissions of other 
access points in the same or a different, but neighboring 
wireless communication system. This observation may be 
enhanced by the use of a spatially selective antenna. Trans 
missions of other access points may be identified by station 
identifiers contained in received in RTS/CTS messages that 
do not match the stations said device is exchanging data with. 
The observed transmission may be statistically analyzed, 
interpolated and extrapolated to assess patterns or periodici 
ties therein. Such patterns may for instance appear when a 
station is downloading huge amounts of data from another 
access point and acknowledges each received data packet, 
whereas the other stations that are served by said access point 
do not perform significant download. Such traffic patterns 
may be considered by said device when temporally and/or 
spatially scheduling the future data packet transmissions. For 
instance, if another access point is known to periodically 
transmit a data packet to a first station that is closely located 
to a second station said device needs to transmit a data packet 
too, said device may schedule the transmission of said data 
packet to said second stationatan instance when it knows that 
said other device will most likely not send a packet to said first 
station. Thus interference at both said first and second station 
is significantly reduced. 
0114. In this context, it may be advantageous that radio 
resource management is performed across the access points 
of a wireless communication system so that resources in the 
frequency, time, code or spatial domain can be efficiently 
shared among the access points with the aim to reduce inter 
ference inside and outside the wireless communication sys 
tem. The radio resource management may be performed by 
one of said access points acting as a master. 
0115 According to an embodiment of a devices according 
to the present invention, said device represents an access 
point, a station or a relay in a wireless communication system. 
0116 A Station or access point may act as a relay in order 
to increase the coverage area of an access point or station. 

Mar. 18, 2010 

Data packets and messages are then routed through said relay, 
so that a station which is in the coverage of said relay, but not 
in the coverage of an access point, may receive a data packet 
from said access point via said relay. 
0117. According to an embodiment of a device according 
to the present invention, said wireless communication system 
is operated according to the IEEE 802.11 standard or a deriva 
tive thereof, in particular the IEEE 802.11g standard. 
0118. According to an embodiment of a device according 
to the present invention, said wireless communication system 
is a point-to-point or point-to-multipoint directional radio 
link system that replaces the transmission lines of an xDSL 
system. 
0119. It is further proposed that a wireless communication 
system with CSMA-based MAC comprises at least one 
device adapted to transmit at least a first and a second RTS 
message and at least a first and a second data packet on a 
transmission medium, and at least a first station and a second 
station, wherein said device is adapted to transmit said second 
RTS message after said first RTS message and before said 
transmission of said first data packet is finished, wherein said 
device is adapted to transmit said at least first and second data 
packet on said transmission medium at least partially in par 
allel, and wherein said device is adapted to use said spatially 
selective antenna to direct a transmission null towards said 
first station for the transmission of said second RTS message, 
to direct a transmission peak towards said first station for the 
transmission of said first data packet, and to direct a trans 
mission peak towards said second station for the transmission 
of said second data packet. 
0.120. It is further proposed that a method to be used in a 
wireless communication system with CSMA-based MAC 
comprises the steps of transmitting at least a first and a second 
RTS message and at least a first and a second data packet on 
a transmission medium, wherein said second RTS message is 
transmitted after said first RTS message and before said trans 
mission of said first data packet is finished, wherein said at 
least first and second data packet are transmitted on said 
transmission medium at least partially in parallel, and 
wherein a spatially selective antenna is used to direct a trans 
mission null towards a first station for the transmission of said 
second RTS message, to direct a transmission peak towards 
said first station for the transmission of said first data packet, 
and to direct a transmission peak towards a second station for 
the transmission of said second data packet. 
I0121. It is further proposed that a wireless communication 
system with CSMA-based MAC comprises at least one 
device adapted to transmit one RTS message and at least a first 
and a second data packet on a transmission medium, and at 
least a first and a second station, wherein said one RTS mes 
sage contains information on at least said first and said second 
station to which said at least first and second data packet are 
to be transmitted, respectively, 
0.122 wherein said device is adapted to use said spatially 
selective antenna to direct a transmission peak towards said 
first station and a transmission null towards said second sta 
tion for the transmission of said first data packet and a trans 
mission peak towards said second station and a transmission 
null towards said first station for the transmission of said 
second data packet, and wherein said transmission of said first 
data packet takes place at least partially in parallel to the 
transmission of said second data packet. 
I0123. It is further proposed that a method to be used in a 
wireless communication system with CSMA-based MAC, 
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comprises the steps of transmitting one RTS message and at 
least a first and a second data packet on a transmission 
medium, wherein said one RTS message contains informa 
tion on at least a first and a second station to which said at least 
first and second data packet are to be transmitted, respec 
tively, wherein a spatially selective antenna is used to direct a 
transmission peak towards said first station and a transmis 
sion null towards said second station for the transmission of 
said first data packet and a transmission peak towards said 
second station and a transmission null towards said first sta 
tion for the transmission of said second data packet, and 
wherein said transmission of said first data packet takes place 
at least partially in parallel to the transmission of said second 
data packet. 
0.124. It is further proposed that a wireless communication 
system with CSMA-based MAC, comprises at least one 
device adapted to transmit a first RTS message, a data packet 
and a NULL message, which indicates that said transmission 
medium is idle, on a transmission medium, and at least a first 
station, wherein said device is adapted to transmit said NULL 
message after the transmission of said first RTS message and 
before the transmission of said data packet is finished, and 
0.125 wherein said device is adapted to use said spatially 
selective antenna to direct a transmission null towards said 
first station for said transmission of said NULL message and 
to direct a transmission peak towards said first station for said 
transmission of said data packet. 
0126. It is further proposed that a method to be used in a 
wireless communication system with CSMA-based MAC, 
comprises the steps of transmitting a first RTS message and a 
data packet on a transmission medium, transmitting a NULL 
message, which indicates that said transmission medium is 
idle, and wherein said NULL message is transmitted after the 
transmission of said first RTS message and before the trans 
mission of said data packet is finished, and wherein a spatially 
selective antenna is used to direct a transmission null towards 
a first station for said transmission of said NULL message and 
to direct a transmission peak towards said first station for said 
transmission of said data packet. 
0127. It is further proposed that a wireless communication 
system with CSMA-based MAC, comprises at least one 
device adapted to transmit a first RTS message and/or data 
packet on a transmission medium, and to set a timer that 
indicates when said transmission medium will no longer be 
busy, and at least a first station, wherein said timer is set to its 
minimum value, wherein said device is adapted to use a 
spatially selective antenna to direct a transmission peak 
towards said first station for said transmission of said data 
packet, and wherein said first data packet contains informa 
tion on the duration of further data packet transmissions for 
said first station. 
0128. It is further proposed that a method to be used in a 
wireless communication system with CSMA-based MAC, 
comprising the steps of transmitting a first RTS message 
and/or data packet on a transmission medium, and setting a 
timer that indicates when said transmission medium will no 
longer be busy, wherein said timeris setto its minimum value, 
wherein a spatially selective antenna is used to direct a trans 
mission peak towards a first station for said transmission of 
said data packet, and wherein said first data packet contains 
information on the duration of further data packet transmis 
sions for said first station. 
0129. It is further proposed that a wireless communication 
system with CSMA-based MAC comprises at least one 
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device adapted to transmitat least a first RTS message and/or 
at least one data packet on a transmission medium and to set 
a timer that indicates when said transmission medium will no 
longer be busy, and at least a first station, 
0.130 wherein said device is adapted to use said spatially 
selective antenna to direct a transmission peak or a transmis 
sion null towards at least a first station for the transmission of 
said at least first RTS message and for the transmission of said 
at least one data packet, and wherein said device is adapted to 
transmit said at least first RTS message and/or said at least one 
data packet on said transmission medium only after said timer 
has expired. 
I0131. It is further proposed that a method to be used in a 
wireless communication system with CSMA-based MAC, 
comprises the steps of transmitting at least a first RTS mes 
sage and/or at least one data packet on a transmission 
medium, setting a timer that indicates when said transmission 
medium will no longer be busy, and wherein a spatially selec 
tive antenna is used to direct a transmission peak or a trans 
mission null towards at least a first station for the transmission 
of said at least first RTS message and for the transmission of 
said at least one data packet, and wherein said at least first 
RTS message and/or said at least one data packet is transmit 
ted on said transmission medium only after said timer has 
expired. 
0.132. It is further proposed a wireless communication sys 
tem with CSMA-based MAC comprises at least one device 
adapted to transmit at least a first RTS message and/or at least 
one data packet on a transmission medium and to set a timer 
that indicates when said transmission medium will no longer 
be busy, and at least a first station, 
0.133 wherein said device is adapted to use a spatially 
selective antenna to direct a transmission peak or a transmis 
sion null towards at least a first station for the transmission of 
said at least first RTS message and for the transmission of said 
at least one data packet, and wherein said device is adapted to 
transmit said at least first RTS message and/or said at least one 
data packet on said transmission medium although said timer 
indicates that said transmission medium is still busy. 
I0134. It is further proposed a method to be used in a 
wireless communication system with CSMA-based MAC, 
comprising the steps of transmitting at least a first RTS mes 
sage and/or at least one data packet on a transmission 
medium, setting a timer that indicates when said transmission 
medium will no longer be busy, and wherein a spatially selec 
tive antenna is used to direct a transmission peak or a trans 
mission null towards at least a first station for the transmission 
of said at least first RTS message and for the transmission of 
said at least one data packet, and wherein said at least first 
RTS message and/or said at least one data packet are trans 
mitted on said transmission medium although said timer indi 
cates that said transmission medium is still busy. 
I0135) It is further proposed a computer program with 
instructions operable to cause a processor to perform the 
above-described method steps. 
0.136. It is further proposed that a device to be used in a 
wireless communication system comprises a spatially selec 
tive antenna for directing a transmission peak or a transmis 
sion null towards at least one desired communication device 
for a transmission of at least one data signal, wherein said 
spatially selective antenna is a distributed antenna consisting 
of the antenna elements of at least two communication 
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devices of said wireless communication system, and wherein 
said communication devices are connected via a wired or 
wireless link. 

0.137 Said device may for instance be an access point or a 
station of said wireless communication system. Said wireless 
communication system may for instance be a WLAN system 
wherein several access points are connected, or a mobile radio 
communications system wherein several base stations or base 
transceiver stations are connected. Said device may only be 
equipped with a standard omnidirectional antenna. However, 
it may be interconnected with communication devices such as 
stations or other access points, so that said omnidirectional 
antenna and the antennas of said stations or access points can 
be combined into an antenna array. Said stations or other 
access points may either be equipped with omnidirectional 
antennas or with all other kinds of antennas, such as sectored 
antennas, Switched beam antennas or antenna arrays. How 
ever, said device has to provide means to operate said distrib 
uted antenna for signal transmission and reception. 
0.138. Directing a transmission peak towards a desired 
communication device is to be understood as a technique of 
distributing as much transmission power as possible on one or 
more propagation paths of a spatial channel between said 
device with said spatially selective antenna and said desired 
communication device. Thus the antenna characteristic does 
not necessarily have to take its maximum in the direction of 
said desired communication device, as seen from said spa 
tially selective antenna at said device, in particular if the 
Line-of-Sight (LOS) between said device and said desired 
communication device is blocked or otherwise heavily 
attenuated. Distributing power on the respective propagation 
paths is generally considered as forming “beams' towards the 
angles under which said propagation paths arrive or depart 
from said spatially selective antenna (in azimuth and/or eleva 
tion). In the sequel, the term “beam’ will also be used in a 
more general sense to describe the antenna characteristic of 
said spatially selective antenna used to transmit a data packet 
to desired communication device, wherein said antenna char 
acteristic may of course comprise a plurality of beams, each 
for power distribution on a single propagation path in the 
spatial channel between said device and a station. 
0.139. In directing a transmission peak towards a desired 
communication device, the spatial channels between said 
device and further desired communication devices, to which 
signals shall be transmitted by said spatially selective antenna 
at least partially in parallel to the transmission of said first 
data packet bound for said desired communication device, 
might as well be taken into account. In particular if several 
data packets have to be transmitted at least partially in paral 
lel, i.e. if spatial multiplexing takes place, it is not always 
possible to distribute transmission power on all the propaga 
tion paths between said device and said desired communica 
tion device, because propagation paths between further 
desired communication devices and said device may overlap 
with the propagation paths of said first device. Overlapping 
paths then should not be used at all, or a different set of 
stations the data packets of which are to be spatially multi 
plexed should be chosen by applying spatial scheduling tech 
niques, which may be based on the information contained in 
a routing table. 
0140 Directing a transmission peak towards said desired 
communication device with a spatially selective antenna 
when transmitting said first data packet ensures that most of 
the transmission energy is concentrated towards said desired 
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communication device, so that, for a constant overall trans 
mission power, the Signal-to-Noise-and-Interference Ratio 
(SNIR) of the signals received at said desired communication 
device is considerably increased as compared to the transmis 
sion with an omnidirectional antenna. Furthermore, less 
interference is caused at devices or communication devices 
which are not positioned in the elongation of the beams that 
may beformed by the spatially selective antenna to illuminate 
the propagation paths in the spatial channel between said 
device and said desired communication device. The increased 
SNIR may be exploited in away that less error protection may 
be admitted to the transmitted signals, thus increasing the data 
rate of the signals transmitted in said data packet, or higher 
modulation alphabets may be used, which, for constant sym 
bol rate, as well increases the data rate. For instance, instead 
of Binary Phase Shift Keying (BPSK), Quaternary Phase 
Shift Keying (QPSK) could be applied as modulation tech 
n1due. 
0141 An adaptive antenna array represents a group of 
antenna elements, wherein each antenna element is fed with 
an element-specific transmission signal that is obtained from 
the multiplication of a complex-valued weight factor with the 
signal that is to be transmitted by the adaptive antenna array. 
This multiplication may be performed in base-band, in an 
intermediate frequency range or at the radio frequency. The 
weight factors for the antenna elements are usually combined 
in a complex-valued weight vector, that represents the 
antenna characteristic or beam that is created by the antenna 
when a transmission signal is projected onto the single 
antenna elements via multiplication with said weight vector. 
Exploiting the Superposition principle, several transmission 
signals, for instance bound for different stations, may be 
projected onto the antenna elements with respective weight 
vectors and then concurrently transmitted by the adaptive 
antenna array. The term adaptive refers to the ability to elec 
tronically steer the beam of the antenna array by simply 
changing the weight vector, for instance based on a change in 
the DOA of a station to which a signal is transmitted. In the 
reception case, the signals received at the single antenna 
elements are multiplied with the weight factors within said 
weight vectors and then Summed to obtain the spatially fil 
tered receive signal. 
0142. The beam-width of an antenna array is mainly influ 
enced by the number of antenna elements and by the spacing 
between the antenna elements. The beam-width decreases 
with increasing numbers of elements and with increasing 
distance between the antenna elements. If the distance 
between the antenna elements increases, the signals received 
at the single antenna elements become more and more uncor 
related, i.e. they do no longer only differ in phase but also 
show different amplitude due to the experience of different 
fading processes. With uncorrelated signals, diversity tech 
niques are applicable, as for instance micro- or macro-diver 
sity. In the transmission case, the antenna characteristic will 
then no longer appear like a beam. However, it is still possible 
to direct a transmission peak towards a station, i.e. to distrib 
ute as much transmission power as possible on the propaga 
tion paths between said device and a station. For instance, a 
spatial channel between an antenna array and a station, which 
is time-invariant and shows frequency-flat fading, is charac 
terized by a vector that contains a complex-valued transmis 
sion factor for the channel between each antenna element of 
the antenna array and the single antenna of said station. To 
direct a transmission peak towards said station, a weight 
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vector that simply contains the conjugate-complex transmis 
sion factors as weight factors can be used. Alternatively, 
techniques such as Space-Time Codes can be deployed to 
exploit the diversity of the wireless channel. 
0143. The use of antenna elements that are distributed over 
the deployment area of the wireless communication system 
allows to exploit macro diversity techniques, that exploit that 
signals transmitted by a station arrive at the distributed 
antenna elements rather uncorrelated, because they propa 
gated on different propagation paths and thus experienced 
different fading. The interconnection of the devices the anten 
nas of which are combined into a distributed antenna may be 
achieved by a wired link, which is particularly advantageous 
when access points are connected, or by wireless links such as 
radio links or optic links. In case of a wireless link, interfer 
ence with the traffic of said wireless communication system 
has to be avoided by choosing a different transmission signal 
center frequency, polarization, transmission time, spreading 
code or transmission signal format. Note that, although the 
interconnection of access points may be preferred, it is also 
possible for stations to interconnect. For instance, two lap-top 
users, equipped with a single omnidirectional antenna each, 
may decide to interconnect themselves via a cable in order to 
exploit the diversity benefits of a distributed antenna. 
0144. According to this approach, it is advantageous that 
said distributed antenna allows for both the increase of the 
SNIR at said desired communication devices or the use of 
spatial multiplexing techniques, so that the use of the avail 
able transmission bandwidth is enhanced, collisions are spa 
tially avoided and coexistence with other wireless communi 
cations systems is enhanced. 
0145. In this context, it may be advantageous that radio 
resource management is performed across the access points 
of a wireless communication system so that resources in the 
frequency, time, code or spatial domain can be efficiently 
shared among the access points with the aim to reduce inter 
ference inside and outside the wireless communication sys 
tem. The radio resource management may be performed by 
one of said access points acting as a master. To this aim, the 
physical connection, which is intended to connect the antenna 
elements of the single access points or stations, may be 
extended by protocol devices to carry the information that is 
necessary to perform the radio resource management across 
the access points. 
0146 According to an embodiment of a device according 
to the present invention, said at least two communication 
devices and said at least one desired communication device 
represent access points, stations or relays in said wireless 
communication system. 
0147 A Station or access point may act as a relay in order 
to increase the coverage area of an access point or station. 
Data packets and messages are then routed through said relay, 
so that a station which is in the coverage of said relay, but not 
in the coverage of an access point, may receive a data packet 
from said access point via said relay. 
0148. According to an embodiment of a device according 
to the present invention, said spatially selective antenna can 
be further deployed for directing a reception peak or a recep 
tion null towards at least one desired communication device 
for a reception of at least one data signal. 
0149. If two data signals are transmitted by a respective 

first and second communication device at least partially in 
parallel on said jointly used transmission medium, said 
device deploys its spatially selective antenna to direct a recep 
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tion peak towards a first (desired) communication device and 
a reception null towards a second communication device for 
the reception of the data signal that has been transmitted by 
said first communication device, and vice versa for the recep 
tion of the data signal that has been transmitted by said second 
communication device. Whereas the forming of transmission 
peaks and nulls is an active process, where, for instance in the 
case of an adaptive antenna array with controllable weights 
for each antenna element, weights are adjusted to achieve an 
antenna characteristic with the desired peaks and nulls and 
multiplied with the transmission signal prior to transmission, 
forming reception peaks and nulls is a passive process 
wherein the receive signals at each antenna element are mul 
tiplied with an adjusted weight in order to perform spatial 
filtering of the received signals. In both cases, the transmis 
sion parameters of each communication device, for instance 
the DOA or spatial channel of the station as seen from an 
adaptive antenna array at said device, have to been known in 
order to compute the weights that represent the transmission/ 
reception antenna characteristic. In the reception case, the 
signals received at all antenna elements may be processed to 
estimate said transmission parameters, and after said estima 
tion, the weights may be computed under joint or separated 
consideration of the estimated transmission parameters of all 
stations that contributed to that receive signals by transmit 
ting signals. The received signals at the antenna elements may 
then be multiplied with the weights that have been computed 
for each desired communication device, so that the signals as 
transmitted by the respective desired communication devices 
can be reproduced. 
0150. According to an embodiment of a device according 
to the present invention, the device further comprises means 
for estimating transmission parameters that are required to 
direct transmission and/or reception peaks towards said at 
least one desired communication device, and said transmis 
sion parameters are at least partially estimated from receive 
signals at each of said antenna elements that originate at least 
partially from said at least one data signal transmitted by said 
at least one desired communication device. 

0151 Estimation of transmission parameters is based on 
the signals that are received at the antenna of said device, 
wherein said signals are the signals that are transmitted by 
said communication devices and propagate through the radio 
channel, wherein propagation effects such as fading and 
shadowing attenuate and distort the originally transmitted 
signals. Whereas an attenuation factoris comparatively easily 
detected by comparison of the transmission power level of a 
carrier or sub-carrier (if known) and the corresponding 
receive power level, spatial information is more difficult to 
obtain from a received signal. A coarse estimation of the DOA 
may for instance beachieved by Switching through the sectors 
of a sectored antenna with controllable sectors or a switched 
beam antenna. For adaptive antenna arrays, a couple of high 
resolution parameter estimation techniques have been devel 
oped, for instance the subspace-based MUSIC and ESPRIT 
algorithms or the maximum-likelihood-based SAGE algo 
rithm. Transmission parameter estimation can in general be 
performed blind or non-blind. Blind techniques do not require 
a training sequence, i.e. it is not required that a part of the 
transmitted signal is known at the receiver before its actual 
reception. In contrast, non-blind algorithms require Such 
knowledge. In an OFDM system, it is common practice to 
transmit so-called pilot tones on the sub-carriers of the 
OFDM system that are known at the receiver and, under 
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certain circumstances, allow to estimate the spatial channel 
between each communication device and each antenna ele 
ment of an adaptive antenna array deployed at said device and 
that for each Sub-carrier. It mainly depends on the technique 
according to which the antenna characteristic is adjusted 
whether the complete spatial channels are required or 
whethera DOA, possibly with a corresponding power level, is 
sufficient. 
0152. According to an embodiment of a device according 
to the present invention, said transmission parameters com 
prise information on the spatial propagation channel between 
said device and said at least one desired communication 
device, and/or on the noise and interference conditions at said 
at least one desired communication device, and/or on the best 
PHY mode that can be used with said at least one desired 
communication device. 
0153. Said transmission parameters may represent param 
eters such as the Direction-of-Arrival (DOA) of the main or a 
couple of propagation paths of a spatial channel between a 
communication device and said device, the corresponding 
attenuations, Doppler shifts, path delays, or the spatial signa 
ture of a communication device. Furthermore, relative or 
absolute noise and interference levels encountered at a com 
munication device may be available. Advantageously this 
information is combined into a decision which Physical 
Mode (PHY mode) is best used when transmitting a data 
packet to a communication device, wherein said PHY mode 
Summarizes parameters such as the symbol alphabet used in 
modulation, as for instance Binary Phase Shift Keying 
(BPSK) or Quaternary Phase Shift Keying (QPSK), or the 
code rate applied in channel coding, as for instance convolu 
tional or turbo coding. 
0154 According to an embodiment of a device according 
to the present invention, said device is adapted to use said 
transmission parameters to schedule the desired communica 
tion devices to which data signals are transmitted to and/or 
received from in parallel. 
0155 Based on said transmission parameters, said device 
may decide which communication devices are Suited for spa 
tial multiplexing. For instance, the DOAS of communication 
devices may be considered, and it may be demanded that there 
has to be a minimum angular separation between the DOAS of 
said respective communication devices if data packets shall 
be concurrently transmitted to said communication device on 
said jointly used transmission medium. More concise deci 
sion algorithms may be imagined, for example checking the 
orthogonality of spatial signatures of communication 
devices. The PHY mode and QoS requirements of said com 
munication devices may also be considered in the scheduling 
process. 
0156 According to an embodiment of a device according 
to the present invention, the device further comprises means 
for transmitting and/or receiving signals to and/or from 
desired communication devices that use spatially selective 
antennas. 

0157. If said communication devices are equipped with 
spatially selective antennas as well, the transmission and 
reception means of said device may have to be changed to 
achieve optimum throughput on the resulting Multiple-Input 
Multiple-Output (MIMO) links between said device and said 
communication devices. Said means in said device may for 
instance be adapted to allow for the application of the Bell 
Laboratories Layered Space-Time Architecture (BLAST) or 
similar spatial multiplexing techniques that allow for the con 
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current transmission of several data packets between said 
device and one single communication device. 
0158. According to an embodiment of a device according 
to the present invention, the device further comprises means 
for controlling the transmission power that is emitted by said 
device and/or by said at least one desired communication 
devices in order to reduce the overall interference power 
while providing the Signal-to-Noise-and-Interference Ratio 
that is required for correct signal reception at both said device 
an said at least one communication device. 

0159 Power control may be performed by said device to 
reduce the power that is radiated with each beam. For 
instance, if a communication device is known to experience 
only a minor noise and interference power, the transmission 
power can be reduced accordingly when directing a transmis 
sion peak towards said communication device or when trans 
mitting with an omnidirectional antenna characteristic. The 
SNIR required by said communication device may be con 
sidered in said power control process. Similar, when several 
data packets of different communication devices have to be 
spatially multiplexed on the transmission medium, the algo 
rithm that determines the weight vectors for the respective 
communication devices may consider both the required SNIR 
at each communication device, the noise and interference 
power level at each communication device, and possibly the 
QoS requirements of said communication device. Power con 
trol levels may also be signaled to said communication 
devices in order to reduce the transmission power that is 
emitted by said communication devices when transmitting 
CTS messages or acknowledgment signals, because the spa 
tially selective reception by said communication device, in 
particular forming reception beams towards said communi 
cation devices, allows for Such a reduction of said communi 
cation devices transmission powers. 
0160 According to an embodiment of a device according 
to the present invention, the device further comprises means 
for observing the transmissions of other communication 
devices within and/or without said communication system, 
means for analyzing the observed transmissions in order to 
detect transmission patterns therein, and means for at least 
partially adapting the transmissions initiated by said device to 
said detected transmission patterns in order to reduce inter 
ference between said device and said other communication 
devices. 

0.161 According to the present invention, coexistence of 
different packet-oriented systems operating on the same 
transmission medium, which is characterized at least by the 
same time, carrier or Sub-carrier frequency, spreading code 
and polarization, may be supported. For instance, if said 
device is an access point of a wireless communication system, 
said access point may observe the transmissions of other 
access points in the same or a different, but neighboring 
wireless communication system. This observation may be 
enhanced by the use of a spatially selective antenna. Trans 
missions of other access points may be identified by commu 
nication device identifiers contained in received in received 
data packets that do not match the communication devices 
said device is exchanging data with. The observed transmis 
sion may be statistically analyzed, interpolated and extrapo 
lated to assess patterns or periodicities therein. Such patterns 
may for instance appear when a communication device is 
downloading huge amounts of data from another access point 
and acknowledges each received data packet, whereas the 
other communication devices that are served by said access 
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point do not perform significant download. Such traffic pat 
terns may be considered by said device when temporally 
and/or spatially scheduling the future data packet transmis 
sions. For instance, if another access point is known to peri 
odically transmit a data packet to a first communication 
device that is closely located to a second communication 
device said device needs to transmit a data packet too, said 
device may schedule the transmission of said data packet to 
said second communication device at an instance when it 
knows that said other device will most likely not send a packet 
to said first communication device. Thus interference at both 
said first and second communication device is significantly 
reduced. 
0162 According to an embodiment of a device according 
to the present invention, said wireless communication system 
uses a CSMA-based MAC. 
0163 Said device may for instance be an access point of a 
wireless communication system serving a plurality of sta 
tions, wherein access of said device and said stations to the 
jointly used transmission medium is controlled by a Carrier 
Sense Multiple Access (CSMA) technique, wherein addition 
ally Collision Avoidance (CA) may be performed. In a 
packet-oriented CSMA System, said device and said stations 
are only allowed to transmit messages and data packets if the 
shared transmission medium is sensed to be idle, wherein said 
transmission medium is understood to be defined by the time, 
carrier frequency (or Sub-carrier frequency in an Orthogonal 
Frequency Division Multiplex (OFDM) system), spreading 
code and polarization state of the transmission. 
0164. According to an embodiment of a device according 
to the present invention, said wireless communication system 
is operated according to the IEEE 802.11 standard or a deriva 
tive thereof, in particular the IEEE 802.11g standard. 
0.165 According to an embodiment of a device according 
to the present invention, said wireless communication system 
is a point-to-point or point-to-multipoint directional radio 
link system that replaces the transmission lines of an xDSL 
system. 
0166 It is further proposed that a wireless communication 
system comprises at least two communication devices, and 
0167 at least one desired communication device, wherein 
a spatially selective antenna is used for directing a transmis 
sion peak or a transmission null towards at least one desired 
communication device for a transmission of at least one data 
signal, and wherein said spatially selective antenna is a dis 
tributed antenna consisting of the antenna elements of at least 
two communication devices of said wireless communication 
system, and wherein said communication devices are con 
nected via a wired or wireless link. 
0.168. It is further proposed that a method to be used in a 
wireless communication system, comprises the steps of 
0169 directing a transmission peak or a transmission null 
with a spatially selective antenna towards at least one desired 
communication device for a transmission of at least one data 
signal, wherein said spatially selective antenna is a distributed 
antenna consisting of the antenna elements of at least two 
communication devices of said wireless communication sys 
tem, and wherein said communication devices are connected 
via a wired or wireless link. 
0170 It is further proposed a computer program with 
instructions operable to cause a processor to perform the 
above mentioned method steps. 
0171 It is further proposed that a device to be used in a 
wireless communication system comprises means for observ 
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ing the transmissions of other communication devices, means 
for analyzing the observed transmissions in order to detect 
transmission patterns therein, and 
0172 means for at least partially adapting the transmis 
sions initiated by said device to said detected transmission 
patterns in order to reduce interference between said device 
and said other communication devices. 

0173 According to the present invention, coexistence of 
different communication systems operating on the same 
transmission medium, which is characterized at least by the 
same time, carrier or Sub-carrier frequency, spreading code 
and polarization, may be supported. Said systems may be 
packet-oriented or not. For instance, such communications 
systems may be a WLAN system or a mobile radio system or 
a radio broadcast system. For instance, if said device is an 
access point of a wireless communication system serving a 
plurality of stations, and if said communication devices are 
other access points or stations served by said other access 
points, said access point may observe the transmissions of 
said other access points. This observation may be enhanced 
by the use of a spatially selective antenna. Transmissions of 
other access points may be identified by station identifiers 
contained in received data packets that do not match the 
stations said device is exchanging data with. The observed 
transmissions may be statistically analyzed, interpolated and 
extrapolated to assess patterns or periodicities therein. Such 
patterns may for instance appear when a station is download 
ing huge amounts of data from another access point and 
acknowledges each received data packet, whereas the other 
stations that are served by said access point do not perform 
significant download. Such traffic patterns may be considered 
by said device when temporally and/or spatially scheduling 
the future data packet transmissions. For instance, if another 
access point is known to periodically transmit a data packet to 
a first station that is closely located to a second station said 
device needs to transmit a data packet to, said device may 
schedule the transmission of said data packet to said second 
stationatan instance when it knows that said other device will 
most likely not send a packet to said first station. Thus inter 
ference at both said first and second station is significantly 
reduced. 

0.174. According to an embodiment of a device according 
to the present invention, said other communication devices 
are communication devices within and/or without said com 
munication system. 
(0175 Said communication devices the transmissions of 
which are observed by said device may be within the same 
wireless communication system as said device, for instance 
other access points or stations served by other access points, 
or may be communication devices of a different wireless 
communication system, wherein the transmissions of said 
different wireless communication system at least partially 
interfere with the transmissions of said wireless communica 
tion system of said device. 
0176 According to an embodiment of a device according 
to the present invention, said device and said other commu 
nication devices are access points, stations or relays. 
0177. A station or access point may act as a relay in order 
to increase the coverage area of an access point or station. 
Data packets and messages are then routed through said relay, 
so that a station which is in the coverage of said relay, but not 
in the coverage of an access point, may receive a data packet 
from said access point via said relay. 
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0178. According to an embodiment of a device according 
to the present invention, the device further comprises a spa 
tially selective antenna for directing a transmission peak or a 
transmission null towards at least one desired communication 
device for a transmission of at least one data signal. 
0179 Directing a transmission peak towards a desired 
communication device is to be understood as a technique of 
distributing as much transmission power as possible on one or 
more propagation paths of a spatial channel between said 
device with said spatially selective antenna and said desired 
communication device. Thus the antenna characteristic does 
not necessarily have to take its maximum in the direction of 
said desired communication device, as seen from said spa 
tially selective antenna at said device, in particular if the 
Line-of-Sight (LOS) between said device and said desired 
communication device is blocked or otherwise heavily 
attenuated. Distributing power on the respective propagation 
paths is generally considered as forming “beams' towards the 
angles under which said propagation paths arrive or depart 
from said spatially selective antenna (in azimuth and/or eleva 
tion). In the sequel, the term “beam’ will also be used in a 
more general sense to describe the antenna characteristic of 
said spatially selective antenna used to transmit a data packet 
to desired communication device, wherein said antenna char 
acteristic may of course comprise a plurality of beams, each 
for power distribution on a single propagation path in the 
spatial channel between said device and a station. 
0180. In directing a transmission peak towards a desired 
communication device, the spatial channels between said 
device and further desired communication devices, to which 
signals shall be transmitted by said spatially selective antenna 
at least partially in parallel to the transmission of said first 
data packet bound for said desired communication device, 
might as well be taken into account. In particular if several 
data packets have to be transmitted at least partially in paral 
lel, i.e. if spatial multiplexing takes place, it is not always 
possible to distribute transmission power on all the propaga 
tion paths between said device and said desired communica 
tion device, because propagation paths between further 
desired communication devices and said device may overlap 
with the propagation paths of said first device. Overlapping 
paths then should not be used at all, or a different set of 
stations the data packets of which are to be spatially multi 
plexed should be chosen by applying spatial scheduling tech 
niques, which may be based on the information contained in 
a routing table. 
0181 Directing a transmission peak towards said desired 
communication device with a spatially selective antenna 
when transmitting said first data packet ensures that most of 
the transmission energy is concentrated towards said desired 
communication device, so that, for a constant overall trans 
mission power, the Signal-to-Noise-and-Interference Ratio 
(SNIR) of the signals received at said desired communication 
device is considerably increased as compared to the transmis 
sion with an omnidirectional antenna. Furthermore, less 
interference is caused at devices or communication devices 
which are not positioned in the elongation of the beams that 
may beformed by the spatially selective antenna to illuminate 
the propagation paths in the spatial channel between said 
device and said desired communication device. The increased 
SNIR may be exploited in away that less error protection may 
be admitted to the transmitted signals, thus increasing the data 
rate of the signals transmitted in said data packet, or higher 
modulation alphabets may be used, which, for constant sym 
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bol rate, as well increases the data rate. For instance, instead 
of Binary Phase Shift Keying (BPSK), Quaternary Phase 
Shift Keying (QPSK) could be applied as modulation tech 
nique. 
0182. According to the device of the present invention, it 
may be preferred that the device further comprises a spatially 
selective antenna for directing a reception peak or a reception 
null towards at least one desired communication device for a 
reception of at least one data signal. 
0183 If two data signals are transmitted by a respective 

first and second communication device at least partially in 
parallel on said jointly used transmission medium, said 
device deploys its spatially selective antenna to direct a recep 
tion peak towards a first (desired) communication device and 
a reception null towards a second communication device for 
the reception of the data signal that has been transmitted by 
said first communication device, and vice versa for the recep 
tion of the data signal that has been transmitted by said second 
communication device. Whereas the forming of transmission 
peaks and nulls is an active process, where, for instance in the 
case of an adaptive antenna array with controllable weights 
for each antenna element, weights are adjusted to achieve an 
antenna characteristic with the desired peaks and nulls and 
multiplied with the transmission signal prior to transmission, 
forming reception peaks and nulls is a passive process 
wherein the receive signals at each antenna element are mul 
tiplied with an adjusted weight in order to perform spatial 
filtering of the received signals. In both cases, the transmis 
Sion parameters of each communication device, for instance 
the DOA or spatial channel of the station as seen from an 
adaptive antenna array at said device, have to been known in 
order to compute the weights that represent the transmission/ 
reception antenna characteristic. In the reception case, the 
signals received at all antenna elements may be processed to 
estimate said transmission parameters, and after said estima 
tion, the weights may be computed under joint or separated 
consideration of the estimated transmission parameters of all 
stations that contributed to that receive signals by transmit 
ting signals. The received signals at the antenna elements may 
then be multiplied with the weights that have been computed 
for each desired communication device; so that the signals as 
transmitted by the respective desired communication devices 
can be reproduced. 
0184. According to an embodiment of a device according 
to the present invention, the device, further comprises means 
for estimating transmission parameters that are required to 
direct transmission and/or reception peaks towards said at 
least one desired communication device, wherein said trans 
mission parameters are at least partially estimated from 
receive signals at each of said antenna elements that originate 
at least partially from said at least one data signal transmitted 
by said at least one desired communication device. 
0185. Estimation of transmission parameters is based on 
the signals that are received at the antenna of said device, 
wherein said signals are the signals that are transmitted by 
said communication devices and propagate through the radio 
channel, wherein propagation effects such as fading and 
shadowing attenuate and distort the originally transmitted 
signals. Whereas an attenuation factoris comparatively easily 
detected by comparison of the transmission power level of a 
carrier or sub-carrier (if known) and the corresponding 
receive power level, spatial information is more difficult to 
obtain from a received signal. A coarse estimation of the DOA 
may for instance beachieved by Switching through the sectors 
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of a sectored antenna with controllable sectors or a switched 
beam antenna. For adaptive antenna arrays, a couple of high 
resolution parameter estimation techniques have been devel 
oped, for instance the subspace-based MUSIC and ESPRIT 
algorithms or the maximum-likelihood-based SAGE algo 
rithm. Transmission parameter estimation can in general be 
performed blind or non-blind. Blind techniques do not require 
a training sequence, i.e. it is not required that a part of the 
transmitted signal is known at the receiver before its actual 
reception. In contrast, non-blind algorithms require Such 
knowledge. In an OFDM system, it is common practice to 
transmit so-called pilot tones on the sub-carriers of the 
OFDM system that are known at the receiver and, under 
certain circumstances, allow to estimate the spatial channel 
between each communication device and each antenna ele 
ment of an adaptive antenna array deployed at said device and 
that for each Sub-carrier. It mainly depends on the technique 
according to which the antenna characteristic is adjusted 
whether the complete spatial channels are required or 
whethera DOA, possibly with a corresponding power level, is 
sufficient. 

0186. According to an embodiment of a device according 
to the present invention, said transmission parameters com 
prise information on the spatial propagation channel between 
said device and said at least one desired communication 
device, and/or on the noise and interference conditions at said 
at least one desired communication device, and/or on the best 
PHY mode that can be used with said at least one desired 
communication device. 

0187 Said transmission parameters may represent param 
eters such as the Direction-of-Arrival (DOA) of the main or a 
couple of propagation paths of a spatial channel between a 
communication device and said device, the corresponding 
attenuations, Doppler shifts, path delays, or the spatial signa 
ture of a communication device. Furthermore, relative or 
absolute noise and interference levels encountered at a com 
munication device may be available. Advantageously this 
information is combined into a decision which Physical 
Mode (PHY mode) is best used when transmitting a data 
packet to a communication device, wherein said PHY mode 
Summarizes parameters such as the symbol alphabet used in 
modulation, as for instance Binary Phase Shift Keying 
(BPSK) or Quaternary Phase Shift Keying (QPSK), or the 
code rate applied in channel coding, as for instance convolu 
tional or turbo coding. 
0188 According to an embodiment of a device according 
to the present invention, said device is adapted to use said 
transmission parameters to schedule the desired communica 
tion devices to which data signals are transmitted to and/or 
received from in parallel. 
0189 Based on said transmission parameters, said device 
may decide which communication devices are Suited for spa 
tial multiplexing. For instance, the DOAS of communication 
devices may be considered, and it may be demanded that there 
has to be a minimum angular separation between the DOAS of 
said respective communication devices if data packets shall 
be concurrently transmitted to said communication device on 
said jointly used transmission medium. More concise deci 
sion algorithms may be imagined, for example checking the 
orthogonality of spatial signatures of communication 
devices. The PHY mode and QoS requirements of said com 
munication devices may also be considered in the scheduling 
process. 
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0190. According to an embodiment of a device according 
to the present invention, the device further comprises means 
for transmitting and/or receiving signals to and/or from 
desired communication devices that use spatially selective 
antennas. 

0191) If said communication devices are equipped with 
spatially selective antennas as well, the transmission and 
reception means of said device may have to be changed to 
achieve optimum throughput on the resulting Multiple-Input 
Multiple-Output (MIMO) links between said device and said 
communication devices. Said means in said device may for 
instance be adapted to allow for the application of the Bell 
Laboratories Layered Space-Time Architecture (BLAST) or 
similar spatial multiplexing techniques that allow for the con 
current transmission of several data packets between said 
device and one single communication device. 
0.192 According to an embodiment of a device according 
to the present invention, the device further comprises means 
for controlling the transmission power that is emitted by said 
device and/or by said at least one desired communication 
devices in order to reduce the overall interference power 
while providing the Signal-to-Noise-and-Interference Ratio 
that is required for correct signal reception at both said device 
an said at least one communication device. 
0193 Power control may be performed by said device to 
reduce the power that is radiated with each beam. For 
instance, if a communication device is known to experience 
only a minor noise and interference power, the transmission 
power can be reduced accordingly when directing a transmis 
sion peak towards said communication device or when trans 
mitting with an omnidirectional antenna characteristic. The 
SNIR required by said communication device may be con 
sidered in said power control process. Similar, when several 
data packets of different communication devices have to be 
spatially multiplexed on the transmission medium, the algo 
rithm that determines the weight vectors for the respective 
communication devices may consider both the required SNIR 
at each communication device, the noise and interference 
power level at each communication device, and possibly the 
QoS requirements of said communication device. Power con 
trol levels may also be signaled to said communication 
devices in order to reduce the transmission power that is 
emitted by said communication devices when transmitting 
CTS messages or acknowledgment signals, because the spa 
tially selective reception by said communication device, in 
particular forming reception beams towards said communi 
cation devices, allows for Such a reduction of said communi 
cation devices transmission powers. 
0194 According to an embodiment of a device according 
to the present invention, said wireless communication system 
uses a CSMA-based MAC. 

0.195 Said device may for instance be an access point of a 
wireless communication system serving a plurality of sta 
tions, wherein access of said device and said stations to the 
jointly used transmission medium is controlled by a Carrier 
Sense Multiple Access (CSMA) technique, wherein addition 
ally Collision Avoidance (CA) may be performed. In a 
packet-oriented CSMA System, said device and said stations 
are only allowed to transmit messages and data packets if the 
shared transmission medium is sensed to be idle, wherein said 
transmission medium is understood to be defined by the time, 
carrier frequency (or Sub-carrier frequency in an Orthogonal 
Frequency Division Multiplex (OFDM) system), spreading 
code and polarization State of the transmission. 
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0196. According to an embodiment of a device according 
to the present invention, said wireless communication system 
is operated according to the IEEE 802.11 standard or a deriva 
tive thereof, in particular the IEEE 802.11g standard. 
0.197 According to an embodiment of a device according 
to the present invention, said wireless communication system 
is a point-to-point or point-to-multipoint directional radio 
link system that replaces the transmission lines of an xDSL 
system. 
0198 According to an embodiment of a device according 
to the present invention, said spatially selective antenna is a 
sectored antenna with dynamically activated sectors, or a 
Switched beam antenna, or an adaptive antenna array with 
controllable weights. 
0199. With a sectored antenna with controllable sectors, it 
can be dynamically chosen which sector of said antenna 
transmits the transmission signal. Such an antenna may for 
instance comprise six sectors of an aperture angle of 60°, or 
similar. In a Switched beam antenna, the maximum of the 
antenna characteristic can be dynamically Switched towards 
different angles. The width of the beam for each angle posi 
tion may substantially differ. A Switched beam antenna may 
for instance be realized with an antenna array, i.e. a group of 
single antenna elements, wherein the antenna elements are 
controlled by a phase delay network that delays the signal that 
is to be transmitted from each respective antenna element by 
pre-defined, element-specific factors to achieve the desired 
antenna characteristic. This is possible for a limited number 
of antenna characteristics, each with its own main looking 
direction. 
0200. An adaptive antenna array represents a group of 
antenna elements, wherein each antenna element is fed with 
an element-specific transmission signal that is obtained from 
the multiplication of a complex-valued weight factor with the 
signal that is to be transmitted by the adaptive antenna array. 
This multiplication may be performed in base-band, in an 
intermediate frequency range or at the radio frequency. The 
weight factors for the antenna elements are usually combined 
in a complex-valued weight vector, that represents the 
antenna characteristic or beam that is created by the antenna 
when a transmission signal is projected onto the single 
antenna elements via multiplication with said weight vector. 
Exploiting the Superposition principle, several transmission 
signals, for instance bound for different stations, may be 
projected onto the antenna elements with respective weight 
vectors and then concurrently transmitted by the adaptive 
antenna array. The term adaptive refers to the ability to elec 
tronically steer the beam of the antenna array by simply 
changing the weight vector, for instance based on a change in 
the DOA of a station to which a signal is transmitted. In the 
reception case, the signals received at the single antenna 
elements are multiplied with the weight factors within said 
weight vectors and then Summed to obtain the spatially fil 
tered receive signal. 
0201 The beam-width of an antenna array is mainly influ 
enced by the number of antenna elements and by the spacing 
between the antenna elements. The beam-width decreases 
with increasing numbers of elements and with increasing 
distance between the antenna elements. If the distance 
between the antenna elements increases, the signals received 
at the single antenna elements become more and more uncor 
related, i.e. they do no longer only differ in phase but also 
show different amplitude due to the experience of different 
fading processes. With uncorrelated signals, diversity tech 
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niques are applicable, as for instance micro- or macro-diver 
sity. In the transmission case, the antenna characteristic will 
then no longer appear like a beam. However, it is still possible 
to direct a transmission peak towards a station, i.e. to distrib 
ute as much transmission power as possible on the propaga 
tion paths between said device and a station. For instance, a 
spatial channel between an antenna array and a station, which 
is time-invariant and shows frequency-flat fading, is charac 
terized by a vector that contains a complex-valued transmis 
sion factor for the channel between each antenna element of 
the antenna array and the single antenna of said station. To 
direct a transmission peak towards said station, a weight 
vector that simply contains the conjugate-complex transmis 
sion factors as weight factors can be used. Alternatively, 
techniques such as Space-Time Codes can be deployed to 
exploit the diversity of the wireless channel. 
0202. It is further proposed that a wireless communication 
system comprises at least one device, wherein said device is 
adapted to observe the transmissions of other communication 
devices, to analyze the observed transmissions in order to 
detect transmission patterns therein, and to at least partially 
adapt the transmissions initiated by said device to said 
detected transmission patterns in order to reduce interference 
between said device and said other communication devices. 
0203. It is further proposed that a method to be used in 
device of a wireless communication system comprises the 
steps of observing the transmissions of other communication 
devices, analyzing the observed transmissions in order to 
detect transmission patterns therein, and at least partially 
adapting the transmissions initiated by said device to said 
detected transmission patterns in order to reduce interference 
between said device and said other communication devices. 
0204. It is further proposed a computer program with 
instructions operable to cause a processor to perform the 
above-mentioned method steps. 

BRIEF DESCRIPTION OF THE FIGURES 

0205 These and other aspects of the invention will be 
apparent from and elucidated with reference to the embodi 
ments described hereinafter. In the figures show: 
(0206 FIG. 1: An illustration of the Carrier Sense Multiple 
Access (CSMA) based medium access in a wireless commu 
nication system according to the prior art; 
0207 FIG. 2: a timing diagram of acknowledged data 
packet transfer with Ready-to-Send (RTS)/Clear-to-Send 
(CTS) polling in a wireless communication system according 
to the prior art; 
0208 FIG.3a: a timing diagram of data transfer in a wire 
less communication system with a spatially selective antenna 
according to a first embodiment of the present invention; 
0209 FIG.3b: a timing diagram of data transfer in a wire 
less communication system with a spatially selective antenna 
according to a modified first embodiment of the present 
invention; 
0210 FIG. 4: a timing diagram of data transfer in a wire 
less communication system with a spatially selective antenna 
according to a second embodiment of the present invention; 
0211 FIG. 5: a timing diagram of data transfer in a wire 
less communication system with a spatially selective antenna 
according to a third embodiment of the present invention; 
0212 FIG. 6: a timing diagram of data transfer in a wire 
less communication system with a spatially selective antenna 
according to a fourth embodiment of the present invention; 
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0213 FIG. 7a: a scenario depicting data transfer in a wire 
less communication system with a spatially selective antenna 
according to a fifth and sixth embodiment of the present 
invention; 
0214 FIG.7b: a scenario depicting data transfer in a wire 
less communication system with a spatially selective antenna 
according to a fifth and sixth embodiment of the present 
invention; 
0215 FIG. 8: an illustration of a wireless communication 
system with a distributed antenna according to the present 
invention; 
0216 FIG. 9: an illustration of a wireless communication 
system with observation of transmissions of neighboring 
communication systems according to the present invention; 
and 
0217 FIG. 10: a schematic representation of the basic 
set-up of a device to be used in a wireless communication 
system according to the present invention. 

DETAILED DESCRIPTION OF THE FIGURES 

First Embodiment 

0218 FIG.3a depicts a timing diagram of data transfer in 
a wireless communication system with a spatially selective 
antenna according to a first embodiment of the present inven 
tion, wherein time proceeds from left to right. The wireless 
communication system comprises at least one access point 
202 and a plurality of stations, of which a first station 203-1 
and a second station 203-2 are considered in FIG. 3a. Said 
access point 202 may equally well be a further station of said 
wireless communication system. 
0219. First, said access point 202 transmits a first RTS 
message 201-1 that contains an identifier of station203-1 and 
a variable that indicates the duration of an intended transmis 
sion of a first data packet 205-1 from said access point 202 to 
said first station203-1, including the time for the transmission 
of a first acknowledgment message 207-1 from said first 
station 203-1 to said access point 202 to confirm proper 
receipt of said first data packet 205-1. Said first RTS message 
201-1 is transmitted with an omnidirectional antenna charac 
teristic and received at least by said first station203-1 and said 
second station 203-2. 
0220. The first station 203-1 recognizes the identifier in 
the first RTS message 201-1 and copies both the identifier and 
said variable into a first CTS message 204-1. The first station 
203-1 then transmits said first CTS message 204-1, which is 
received by said access point 202. During the reception of 
said first CTS message 204-1, the access point processes the 
signals received with its adaptive antenna array to estimate 
parameters of the spatial channel impulse response between 
said first station 203-1 and the access point 202, for instance 
in non-blind fashion based on pilot tones that are contained in 
the CTS message or in a blind fashion based on a Subspace 
based high resolution parameter estimation approach. 
0221) The second station 203-2 recognizes from the iden 

tifier in said first RTS message 201-1 that said RTS message 
201-1 is not directed to said second station 203-2, and adjusts 
its NAV to the prospective end of the data/acknowledgment 
transmission between said access point 202 and said first 
station 203-1. 
0222 Based on the estimated parameters, the access point 
202 then computes a weight vector in order to project a 
transmission signal that represents said first data packet 205-1 
onto the antenna elements of its adaptive antenna array. Said 
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weight vector corresponds to the antenna characteristic that 
will be used by the adaptive antenna array for the transmis 
sion of said first data packet 205-1. Said antenna characteris 
tic, or beam, is designed to direct the transmission power of 
said access point towards said first station 203-1, i.e. the 
transmission is spatially selective and causes as less interfer 
ence power to other stations such as the second station 203-2 
as possible while attempting to maximize the SNIR at said 
first station 203-1. This is achieved by exciting all propaga 
tion multi-paths between said access point 202 and said first 
station203-1 that have been estimated during the reception of 
said first CTS message 204-1. Alternatively, such knowledge 
on the spatial channel may be available from a routing table 
that is kept in said access point 202 and is continuously 
updated under consideration of the restrictions imposed by 
the channel coherence time of the spatial channels between 
said access point 202 and stations 203. 
0223) In a prior-art system, said access point 202 would 
normally set his own NAV to the prospective end of the 
transmission of said first data packet 205-1, so that only one 
data packet 205-1 can be transmitted during this time. The 
virtual carrier-sense mechanism represented by the setting of 
the NAV normally prohibits the access point 202 to physically 
sense the transmission medium during the known transmis 
sion of a data packet 205-1. However, according to the present 
invention, said access point is equipped with a spatially selec 
tive antenna and capable of transmitting several data packets 
205 to several respective stations 203 concurrently in spatial 
multiplex. To this end, access point 202 has set his NAV 212-1 
to an ending time which is significantly before the time the 
prospective transmission of said first data packet 205-1 and its 
acknowledgment 207-1 will be finished. When its NAV 212-1 
has expired, said access point does not even require to physi 
cally sense the transmission medium, because it is informed 
that the transmission that currently renders the transmission 
medium busy is the access points own transmission of a first 
data packet 205-1 to said first station 203-1. Concurrently, to 
this transmission, which is performed by using a first weight 
vector to direct a transmission peak towards said first station 
203-1, the access point 202 now starts the transmission of a 
second RTS message 201-2, wherein a second weight vector 
has been computed by said access point 202 for said trans 
mission of said second RTS message 201-2. The correspond 
ing antenna characteristic directs a transmission null towards 
said first station 203-1 in order to disturb the ongoing recep 
tion of said first data packet 205-1 by said first station 203-1 
in a minimumway. However, said second RTS message 201-2 
can nevertheless be received by said second station 203-2. 
Based on an identifier of said second station that is contained 
in said second RTS message 201-2, said second station 203-2 
recognizes that it is polled by said access point 202, resets its 
own NAV and responds with a second CTS message 204-2. 
0224. The access point 202 once again may estimate 
parameters of the spatial channel between access point 202 
and said second station 203-2 during the reception of said 
second CTS message 204-2. Based on the estimated param 
eters corresponding to the first station 203-1 and the second 
station 203-2, the access point 202 now computes a third 
weight vector for the transmission of a second data packet 
205-1 to said second station 203-2, wherein said third weight 
vector is computed in a way that a transmission peak is 
directed towards said second station and a transmission nullis 
directed towards said first station 203-1. Said access point 
may also re-compute that first weight vector that is used for 
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the transmission of said first data packet 205-1 to said first 
station 203-1 in a way that in addition to said transmission 
peak directed to said first station, a transmission null is 
directed towards said second station. Then the concurrent 
transmission of two data packets 205-1 and 205-2 to two 
different stations 203-1 and 203-2 is possible. The proper 
reception of both data packets may be acknowledged by the 
respective stations 203-1 and 203-2 by respective acknowl 
edgment messages 207-1 and 207-2. 
0225. The second NAV 212-2 that may be set by said 
access point when transmitting said second RTS message 
201-2 may either be set to the end of the transmission of said 
second data packet/acknowledgment, or may once again be 
chosen shorter in order to allow for the polling of a third 
station and according transmission of a third data packet. 
0226. In said example, the stations 203 are equipped with 
omnidirectional antennas. To further reduce interference 
between the stations when transmitting the CTS messages, 
said stations 203 may use spatially selective antennas as well 
to direct transmission peaks towards said access point 202 
and to direct transmission nulls towards said already receiv 
ing stations. Note that is might be necessary for the access 
point to transmit and receive signals concurrently. 
0227. Alternatively, transmission of said first data packet 
205-1 may be suspended until the reception of the second 
CTS message 204-2, so that both the transmission of data 
packet 205-1 and 205-2 is started at the same time instance. 
Although some transmission bandwidth is wasted, the vastly 
simplified hardware at the access point 202 without any need 
for concurrent transmission and reception and the lapse of the 
requirement to re-calculate weights may by far outweigh this 
loss of bandwidth, especially for short RTS and CTS mes 
sages. This approach is depicted in FIG.3b. 
0228. According to FIG. 3b, by sending said first RTS 
message 201-1 and receiving said first CTS message 204-1, 
said access point 202 has successfully reserved the transmis 
sion medium that is shared among a plurality of stations and 
access points for the duration that is specified in the first RTS 
message 201-1 and copied into the first CTS message 204-1 
by said first station 203-1. This duration is stored in the NAV 
212 of said access point 202. 
0229. In a prior art system, said access point now would 
proceed with the transmission of a data packet 205-1 to said 
first station 203-1. However, according to the present inven 
tion, said access point may use the reserved transmission 
period to poll a further station 203-2 with a second RTS 
message 201-2 and to await the reception of a second CTS 
message 204-2 originating from said polled second station 
203-2. The remainder of the reserved transmission period 
then is used for the transmission of data packets to both said 
first station203-1 and said second station203-2 under the use 
of spatial multiplex. Performing a second polling procedure 
for the second station203-2 is possible because the RTS/CTS 
messages 201/204 are much shorter than the data packets 205, 
and because the deployment of a spatially selective antenna 
allows to increase the SNIR at each receiving station 203, so 
that a higher PHY mode can be used (for instance, QPSK 
modulation instead of BPSK-modulation) and, correspond 
ingly, less time for the transmission of the same amount of 
data is required. To this end, the access point 202 forms a 
weight vector for the transmission of said first data packet 
205-1 towards said first station 203-1, wherein said weight 
vector corresponds to an antenna characteristic of said adap 
tive antenna array that has a transmission peak towards said 
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first station and a transmission null towards said second sta 
tion. Correspondingly, a second weight vector is computed 
that corresponds to an antenna characteristic with a transmis 
sion peak towards said second station 203-2 and a transmis 
sion null towards said first station 203-1. The transmission 
parameters of said first and second station 203-1 and 203-2 
required to compute said weight vectors may have been esti 
mated during the reception of said first and second CTS 
messages 204-1 and 204-2 or may be known in advance, for 
instance from a routing table. It is advantageous that during 
the transmission of said second RTS message 201-2 towards 
said second station 203-2, a transmission null is directed 
towards said first station 203-1 to prevent that station to 
become calmed down again. Furthermore, the use of adaptive 
antennas at the stations 203-1 and 203-2 is possible as well. 

Second Embodiment 

0230 FIG. 4 depicts a timing diagram of data transfer in a 
wireless communication system with a spatially selective 
antenna according to a third embodiment of the present inven 
tion. In this embodiment, an access point 202 (or any other 
station of a wireless communication system), transmits an 
RTS message 201. The RTS message 201 contains the iden 
tifiers of two stations 203-1 and 203-2, to which data packets 
205-1 and 205-2 are to be concurrently transmitted, and one 
or more variables that indicate the duration of said prospec 
tive data packet transmissions including corresponding 
acknowledgments 207-1 and 207-2, respectively. Said RTS 
message 201 may be transmitted in omnidirectional mode, to 
overcome the hidden station problem by calming down all 
stations other than said first and second stations 203-1 and 
203-2, or with an adaptive antenna array, wherein said RTS 
message is transmitted with an antenna characteristic that 
comprises transmission peaks towards said two stations 
203-1 and 203-2, and possibly transmission nulls towards 
further stations the transmission parameters of which are 
known to said access point 202. 
0231. Upon reception of said RTS message, said two sta 
tions 203-1 and 203-2 notice that they have been polled by 
said access point and respond with respective first and second 
CTS messages 204-1 and 204-2. This may be performed in 
omnidirectional mode or with spatially selective antennas at 
each station 203-1 and 203-2. The access point 202 receives 
the two CTS messages 204-1 and 2, advantageously estimates 
and updates the transmission parameters of said two stations 
203-1 and 203-2, and starts concurrent data transmissions 
205-1 and 205-2 towards said first and second station 203-1 
and 203-2, respectively. The weight vector, representing the 
antenna characteristic for the transmission of each data 
packet 205, is computed by said access point so that the data 
packet 205-1 is transmitted with a transmission peak towards 
said first station 203-1 and a transmission null towards said 
second station 203-2, and vice versa for the transmission of 
data packet 205-2. This allows for the concurrent transmis 
sion of both data packets 205 in spatial multiplex. Both data 
packets then are acknowledged with acknowledgment mes 
sages 207-1 and 207-2, respectively. As indicated by the NAV 
211 in FIG. 4, stations that received said RTS message 201 
and noticed that they are not polled by said access point adjust 
their NAV 211 to the end of the prospective transmissions of 
said data packets 205-1 and 205-2 with corresponding 
acknowledgments 207-1 and 207-2 and refrain from trans 
mitting during said period, thus causing no interference to the 
concurrent data packet transmission of said access point 202. 
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0232 Apparently, the third embodiment of the present 
invention allows for spatial multiplexing of data packets that 
are transmitted by one access point 202 (or any other station) 
on the shared transmission medium. If said RTS message 201 
is transmitted spatially selective as well, the number of further 
stations in the wireless communication system that are 
calmed down by the RTS message 201 can be reduced, and its 
is possible for these further stations to initiate data transmis 
sions on their own, even further increasing the throughput on 
the shared transmission medium. 

Third Embodiment 

0233 FIG.5 depicts a timing diagram of data transfer in a 
wireless communication system with a spatially selective 
antenna according to a second embodiment of the present 
invention. An access point 202 (or any other station of a 
wireless communication system) transmits a first RTS mes 
sage 201 in omnidirectional mode, which is received by a first 
station 203. Said first station recognizes an identifier that is 
contained in said RTS message 201 as well as a variable that 
indicates the duration of the transmission of a data packet 205 
with a corresponding acknowledgment 207. If said identifier 
in said RTS message 201 identifies said first station 203, said 
first station transmits a CTS message 204 in omnidirectional 
mode, which is received by said access point 202. During said 
reception of said CTS message 204, said access point uses an 
adaptive antenna array to estimate parameters of the spatial 
channel between access point 202 and the first station 203, 
wherein these parameters are required for computing weights 
that control the antenna characteristic of said adaptive 
antenna array. 
0234. In a prior art system, said access point 202 now 
would proceed with the transmission of said data packet 205 
to said first station 203. Other stations (for instance, stations 
close to the access point 202) that received said RTS message 
201 have set their NAV 211 to an ending time of the prospec 
tive transmission of said data packet 205 and its correspond 
ing acknowledgment 207. Thus if one of these further stations 
wants to transmit a data packet to a yet further station, it has 
to wait for its NAV 211 to expire until the medium can be 
physically sensed an a transmission can be started. In contrast 
to this prior art technique, according to the present invention, 
the access point 202 transmits a NULL message 213, wherein 
said NULL message is transmitted within a transmission 
signal which is projected onto the antenna elements of said 
adaptive antenna with a weight vector, and wherein said 
weight vector has been computed based on estimated or 
a-priori known parameters that describe said spatial channel 
between said access point 202 and said first station 203. In 
particular, this weight vector is computed so that the adaptive 
antenna forms a transmission null towards said first station 
during the transmission of said NULL message 213. This 
message will thus not be received by said first station 203. 
However, said further stations that received said RTS mes 
sage 201 and were calmed down by this RTS message with 
their NAVs 211 adjusted accordingly, and would not try to 
transmit RTS messages or data packets by themselves during 
the indicated transmission of said data packet 205 and 
acknowledgment 207, do receive this NULL message 213. 
The NULL message 213 instructs said further terminals to 
reset their NAVs to zero, so that further RTS or data packet 
transmissions initiated by said further stations during the 
transmission of said data packet 205 from said access point 
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202 to said station 205, which takes place after the transmis 
sion of said NULL message 213, become possible. 
0235. It is advantageous that the access point 202 uses its 
adaptive antenna array to direct a transmission peak towards 
said first station when transmitting said data packet 205 to 
said station 203. In this way, the SNIR at said station 203 is 
maximized and the RTS or data packet transmissions of said 
further stations that may now take place concurrently to said 
transmission of said data packet 205 are interfered with in a 
minimum way. It may be further advantageous to direct trans 
mission nulls towards said further stations when the transmis 
sion parameters of said further stations are known to said 
access point 202. Furthermore, it is advantageous when said 
further stations use spatially selective antennas for their RTS 
and data packet transmissions, so that the reception of said 
data packet 205 at said first station 203 and of said acknowl 
edgment 207 is disturbed with interference power only to a 
minimum extent. Finally, said further stations may decide to 
transmit data packets without performing RTS/CTS polling 
before, especially when the transmission parameters of that 
stations the data packets are to be transmitted to are known in 
advance, e.g. from a routing table. 

Fourth Embodiment 

0236 FIG. 6 depicts a timing diagram of data transfer in a 
wireless communication system with a spatially selective 
antenna according to a fourth embodiment of the present 
invention. An access point 202 (or any other station of a 
wireless communication system) transmits an RTS message 
201 in omnidirectional mode. This RTS message 201 is 
intended to trigger a reply of a first station 203, which is 
expected to recognize the station identifier that is contained in 
said RTS message 201 and to respond to said RTS message 
201 with a corresponding CTS message 204, and to calm 
down stations that are able to receive the RTS and that are not 
addressed by said station identifier. In addition to said station 
identifier, said RTS message 201 includes a variable that 
indicates the duration a data transmission between said access 
point 202 and a first station 203, in the course of which a first 
data packet 205a and an acknowledgment 207a is to be trans 
mitted. Although said access point has a large data packet 205 
to transmit to said first station203, it determines to reserve the 
transmission medium, which is shared among all stations and 
access points of a wireless communication system, only for a 
comparatively small duration, in which only one third of the 
data packet 205, namely the data packet 205a and its 
acknowledgment 207a, can be transmitted. The prospective 
end of this transmission is indicated by the variable that is 
contained in said RTS message 201, and all stations receiving 
this RTS message 201 and not being addressed by its station 
identifier, will only refrain from own transmissions during 
said period. The rationale behind this approach is that said 
other stations that receive said RTS message are only calmed 
down for a comparatively short period of time, and can ini 
tiate transmissions on their own after the calm down period. 
Especially when said access point uses an adaptive antenna 
array to direct a transmission peak towards the first station 
during the transmission of data packet 205b and 205c (which 
are acknowledged by respective acknowledgements 207b and 
2.97c, respectively), concurrent transmissions of data packets 
from said other stations to their peer stations is possible, 
advantageously under deployment of spatially selective 
antennas at said other stations as well. Said first station 203 is 
informed on the buffer state of said access point 202, which 
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holds two further data packets 205b and 205c after the trans 
mission of said first data packet 205a, by information con 
tained in said first data packet 205a. I.e., when properly 
receiving said first data packet 205a from said access point 
202, said first station 203 is informed on further data trans 
missions that will immediately follow the transmission of 
said first data packet 205a, so that no further RTS/CTS poll 
ing between said access point and said first station 203 is 
necessary. With the data packet being 205a being transmitted 
in spatially selective mode, only said first station and stations 
that are positioned in the elongation of the beam that is 
formed by the adaptive antenna array of said access point 202 
receive this information on further data packets. By this tech 
nique, after an initial calming down of Stations in the recep 
tion range of said access point and said first station via said 
RTS message 201 and said CTS message 204, which is 
reduced to the minimum possible time, concurrent data 
packet transmission of said access point and further stations 
that initiate data packet transmissions is feasible, and the 
throughput on said shared transmission medium can be 
increased Substantially. 

Fifth Embodiment 

0237 FIGS. 7a and 7b illustrate data transfer in a wireless 
communication system with a spatially selective antenna 
according to a fifth embodiment of the present invention. Said 
wireless communication system exemplarily comprises an 
access point 202 (which may as well be a station) and three 
stations 203-1, 203-2 and 203-3. 
0238 According to a fifth embodiment of the present 
invention, illustrated in the scenario of FIG. 7a, said access 
point has transmitted a RTS message in omnidirectional 
mode, as indicated by the circle around access point 202 that 
represents the deployed antenna characteristic. In said RTS 
message, a station identifier of station 203-1 was included. 
Upon reception of said RTS message, station 203-1 recog 
nized said station identifier and responded to the RTS mes 
sage by transmitting a CTS message, also in omnidirectional 
mode. Both the RTS message and the CTS message were 
received by said second station 203-2 and third station 203-3, 
which are both equipped with an adaptive antenna array. Both 
stations have estimated the transmission parameters required 
to direct transmission nulls towards said access point 202 and 
first station 203-1 during said reception, and have adjusted 
their NAV timer to expire when the data exchange, compris 
ing at least one data packet and one acknowledgment message 
between said access point 202 and said first station 203-1, is 
finished. The duration of this data exchange is contained in 
said received RTS and CTS messages. After the NAV timer 
has expired, said second station 203-2 physically senses the 
transmission medium, and if it finds the transmission medium 
to be idle for an IFS interval, and if its backoff timer has 
expired as well, it starts a transmission of a data packet, 
wherein during said transmission, transmission nulls are 
directed towards said access point 202 and said first station 
203-1 (as indicated by the blocked arrows in FIG. 7a). As 
depicted in FIG. 7a, it is further advantageous to direct a 
transmission peak towards said third station 203-3, if the 
transmission parameters towards this station are known at 
said second station 203-2. Said third station directs a recep 
tion peak towards said second station203-2 and transmission 
nulls towards said access point 202 and said first station 
203-1, wherein the required transmission parameters of said 
access point 202 and said first station 203-1 were estimated 
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during the reception of said RTS and CTS message, and 
wherein said transmission parameters of said second station 
are estimated during the actual signal reception. The data 
exchange between said second station 203-2 and said third 
station 203-3 causes as less interference to other stations as 
possible due to the use of spatially selective antennas. It is 
thus possible that said access point 202 and said first station 
203-1 are involved in further data exchanges that take place in 
parallel to said data exchange between said second station 
203-2 and said third station 203-3. This is possible because 
the use of an RTS/CTS polling cycle between said second 
station 203-2 and said third station 203-3 can be omitted, so 
that no other stations are calmed down, or because only sta 
tions in the elongation of said beams that are created by the 
adaptive antenna arrays of said second station203-2 and third 
station 203-3 during the transmission of RTS and CTS mes 
sages are calmed down. The data exchange between station 
203-2 and 203-3 thus becomes effectively invisible to the 
other stations of said wireless communication system. 
0239 A scenario where also the access point 202 and said 

first station 203-1 are equipped with an adaptive antenna 
array is depicted in FIG.7b. Here, the data exchange between 
said second station 203-2 and third station 203-3 has already 
been established without calming down said access point 202 
and said first station 203-1, either because no RTS/CTS cycle 
was used between said second station 203-2 and said third 
station 203-3, or because the RTS/CTS messages between 
said stations have been transmitted in spatially selective mode 
and thus were not received by said access point 202 and said 
first station 203-1. Said access point 202 thus may initiate a 
further RTS/CTS cycle or directly start a data exchange with 
said first station203-1, wherein at least a transmission peak is 
directed towards said first station203-1 and wherein at least a 
reception peak is directed towards said access point 202, 
when the access point is transmitting, and Vice versa when the 
first station 203-1 is transmitting. As depicted in FIG.7b, it is 
further advantageous that during the data exchange between 
said access point 202 and said first station203-1, transmission 
nulls and reception nulls are directed towards said second 
station 203-2 and third station 203-3, or, more general, to all 
other stations in said wireless communication system of 
which the transmission parameters are known, regardless if it 
is known that these stations are exchanging data concurrently 
to the data exchange between said access point 202 and said 
first station 203-1. This minimizes the overall amount of 
interference powerina wireless communication system. Said 
transmission parameters of said other stations may have been 
estimated by said access point 202 and first station 203-1 
during preceding RTS/CTS cycles and data exchanges (data 
packet transmissions and acknowledgment transmissions) 
that involved said other stations, and may have been stored in 
a routing table. When computing the weights for the trans 
mission of signals, said access point 202 and first station 
203-1 then consider all the transmission parameters in said 
routing table, possibly under consideration of the actuality of 
the entries in said routing table. In general, the duration since 
the estimation of the transmission parameters should be sig 
nificantly Smaller than the channel coherence time, so that the 
transmission parameters are still exact. 
0240 According to the fifth embodiment of the present 
invention as depicted in FIGS. 7a and 7b, it is now particu 
larly advantageous to assign the second station 203-2 an IFS 
that is shorter than the IFS that has to be obeyed by the other 
stations and access points. 
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0241 Whereas back-off timers represent an virtual car 
rier-sense mechanism, that only predict future traffic on said 
shared transmission medium based on duration information 
that is announced in RTS/CTS frames as explained above, the 
determination of the duration of an idle period of said trans 
mission medium can be considered as physical carrier-sense 
mechanism. According to the prior art, it is preferred that said 
determination of said idle period of said transmission 
medium is only performed by second said station203-2 when 
said back-off timer in said station has expired and thus indi 
cates that the transmission medium is idle. Thus after the 
virtual carrier-sense mechanism has indicated the medium to 
be idle, the physical carrier-sense mechanism actually checks 
for this idle state of the transmission medium. 
0242. However, according to the fifth embodiment of the 
present invention, at least the second station 203-2 is 
equipped with a spatially selective antenna array and thus 
capable of spatial multiplexing techniques. It is thus only 
natural to grant said second station 203-2 priority when 
accessing the transmission medium that has to be shared 
among said station 203-2 and the remaining stations 203 and 
access points. According to the fifth embodiment of the 
present invention, this is achieved by allowing said station to 
start a transmission on said transmission medium already if 
the transmission medium is physically sensed to be idle for a 
first IFS (for instance a PIFS), which is smaller than said 
second IFS that has to be obeyed by said stations and possibly 
by further devices in said wireless communication system 
(for instance a DIFS). Said station203-2 then simply does not 
have to wait for the second IFS when willing to access said 
medium with a transmission, but only for the shorter first IFS. 
When starting the transmission, said stations will be either 
calmed down, if RTS/CTS messages are transmitted, or will 
sense after the duration of said first IFS that the medium is no 
longer idle, so that an idle period of the length of the (stan 
dard) second IFS will only be encountered if said device 
refrains from medium access. 

Sixth Embodiment 

0243 FIGS. 7a and 7b also illustrate data transfer in a 
wireless communication system with a spatially selective 
antenna according to a sixth embodiment of the present 
invention. 
0244. According to FIG.7a, said second station203-2 and 
said third Station 203-3 have received the RTS and CTS 
messages from said access point 202 and first station 203-1, 
and have set their NAV to the value as indicated in said 
received RTS and CTS messages. However, said second sta 
tion 203-2 ignores its own NAV and starts a transmission 
towards said third station 203-3. This is possible due to the 
fact that the spatially selective data exchange between said 
second station 203-2 and third station 203-3 with its 
extremely small interference contribution is effectively invis 
ible to the other stations of the wireless communication sys 
tem, so that it is irrelevant if data exchange between said 
access point 202 and said first station203-1 has already begun 
when said second station 203-2 starts a transmission of an 
RTS message or data packet, directed towards said third sta 
tion 203-3, or not. The privilege of ignoring its own NAV 
timer when using a spatially selective antenna may be 
assigned to any access point or station of said wireless sys 
tem. As in the fifth embodiment of the present invention, it is 
also advantageous in the sixth embodiment of the present 
invention for Such privileged Stations as the second station 

Mar. 18, 2010 

203-2 to direct transmission nulls towards all other stations of 
said wireless communication system of which transmission 
parameters are known either from estimation and/or entries in 
a routing table, so that the overall interference contribution is 
minimized. 

0245 FIG. 7b then may be interpreted as a scenario 
wherein said access point 202 and first station 203-1 have 
noticed that there currently exists a data exchange between 
said second station 203-2 and third station203-3, for instance 
because said second station 203-2 and third station 203-3 
only direct a transmission peak towards said third station 
203-3 and second station 202-2, respectively, but no nulls 
towards said access point 202 and first station 203-1. Access 
point 202 either does not set a NAV at all that prevents him 
from initiating further transmissions before that data 
exchange between said second station 203-2 and third station 
203-3 has finished, or it sets a NAV and ignores it. Access 
point 202 thus starts a concurrent transmission of a data 
packet, wherein a transmission peak is directed towards said 
first station 203-1 and transmission nulls (indicated by the 
blocked arrows in FIG.7b) are directed towards said second 
station 203-2 and third station 203-3. Correspondingly, said 
first station forms a reception peak towards said access point 
202 and reception nulls towards said second station203-2 and 
third station 203-3 to spatially cut out the interference 
received from the concurrent data exchange between said 
second station 203-2 and third station 203-3. 

0246 Both the fifth and the sixth embodiment of the rep 
resent effective ways of allowing for increased throughput on 
the shared transmission medium and to a reduced overall 
interference output of the wireless communication system, so 
that also coexistence with further wireless communication 
systems is improved. 

Deployment of a Distributed Antenna 

0247 FIG. 8 is an illustration of a wireless communication 
system with a distributed antenna according to the present 
invention. The communication system consists of four access 
points 301-1 ... 301-4 and several stations, of which station 
302 will be exemplarily considered. Said access points and 
stations are contained in a rectangular propagation scenario, 
for instance a square exhibition hall, which contains eight 
walls elements, of which wall element 304 is of particular 
interest. 

0248. The access points 301-1,301-2 and 301-3 are inter 
connected by two fiber connections 303-1 and 303-2 with 
associated devices for controlling data transfer over said fiber 
connection. By interconnecting said access points 301-1, 
301-2 and 301-3, a distributed antenna 305 comprising the 
antenna elements 305a, 305b and 305c of access points 301 
1, 301-2 and 301-3, respectively, is created. In the present 
example, each access point is equipped with one omnidirec 
tional antenna, so that said distributed antenna has three 
antenna elements 305a, 305b and 305c. Assuming that said 
exhibition hall has a length and width of 140 m, and that said 
wireless communication system uses a center frequency of 5 
GHz, said 140 m equal 2333 wavelengths of said center 
frequency, so that said distributed antenna can be considered 
to provide macro-diversity, i.e. a signal being transmitted 
from a station is most likely to be received at the antenna 
elements 305a, 305b and 305c of said distributed antenna,305 
with uncorrelated amplitudes and phases due to the large 
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antenna distance and the rich scattering propagation environ 
ment that causes different fading for each receive antenna 
element. 
0249. When exemplarily considering station 302, it is 
readily seen that station 302 is closest to access point 301-1. 
However, the line-of-sight connection (depicted as dashed 
arrow in FIG. 8) between station 302 and access point 301-1 
blocked by the wall element 304, so that a signal transmitted 
by said station 302 with an omnidirectional antenna will be 
heavily attenuated when being received at the antenna ele 
ment 305a of said access point 301-1. However, station 302 
has a direct line-of-sight connection (depicted as straight 
arrow in FIG. 8) to access point 301-3, and, although the 
distance between said station 302 and said access point 301-3 
is larger than the distance to said access point 301-1, the 
receive signal at the antenna element 305c at access point 
301-3 will be much less attenuated than the receive signal at 
antenna element 305a at access point 301-1. It is thus for 
instance possible to perform simple selection combining 
techniques with the distributed antenna, i.e., only the signal 
received at the antenna element 305c of access point 301-3 is 
further processed. However, it is also possible to perform 
maximum ratio combining with the receive signals at all 
antenna elements of said distributed antenna elements, which 
corresponds to directing a reception peak towards said station 
302, i.e. to try to receive as much signal power from the 
propagation paths between said station 302 and the antenna 
elements 305a, 305b and 305c of said distributed antenna. In 
the transmission case, similarly all antenna elements 305a. 
305b and 305c of said distributed antenna are excited to direct 
a transmission peak towards said station 302. The joint pro 
cessing of the transmit and receive signals at the antenna 
elements 305a,305b and 305c is possible due to the intercon 
nection of the access points 301-1, 301-2 and 301-3. The 
distribution of the signals may be jointly controlled by all of 
said three access points 301-1, 301-2 and 301-3, or may be 
controlled by one single access point as a master. 
0250) Apparently, all above-described embodiments of 
the present invention that are directed to a wireless commu 
nication system with CSMA are suited to use such a distrib 
uted antenna in order to transmit and receive RTS/CTS mes 
sages, data packets and acknowledgments. However, it 
should be noted that these embodiments only serve as an 
example for the deployment of a distributed antenna in a 
wireless communication system. Quite as well, a distributed 
antenna can be deployed in a mobile radio system such as the 
Global System for Mobile Communications (GSM), the Uni 
versal Mobile Telecommunications System (UMTS) or cord 
less communication systems such as the Digital Enhanced 
Cordless Telecommunication (DECT) system. 

Observation of Transmissions of Neighboring Systems 
0251 FIG.9 is an illustration of a wireless communication 
system with observation of transmissions of neighboring 
communication systems according to the present invention. 
The wireless communication system comprises four access 
points 301-1 ... 301-4 and a plurality of stations 302. Each 
access point 301-1 ... 301-4 is capable of performing data 
exchange with any of the stations 302 that are within the 
coverage area of said access point 301-1. The coverage area 
306 of said first access point 301-1 is exemplarily depicted in 
FIG. 9 and represents the area within which the access point 
301-1 can transmit and receive signals to stations 302 with an 
SNIR that is sufficient for a desired signal reception quality, 
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for instance the lowest possible PHY mode in an IEEE 802.11 
system. During the transmission of data packets from said 
access point 301-1 to said station 302-1 within said coverage 
area 306, said station 302-1 may as well receive interference 
signals from data packet transmissions that are concurrently 
initiated by access point 301-4. Such interference between 
two access points can not even completely be removed by the 
use of spatially selective antennas at said access points, 
because it is difficult for said access point 301-4 to know the 
transmission parameters for the stations in the coverage area 
306 of said access point 301-1. 
0252 To reduce the amount of interference encountered 
during the reception of data packets at Stations within the 
coverage area 306 of said access point 301-1, said access 
point 301-1 monitors the transmissions of said other access 
points 301-2. . .301-4. Monitoring said transmission of other 
access points may comprise receiving said transmissions, 
identifying said transmissions based on identifiers contained 
in that received signals and analyzing said received transmis 
sions in order to detect transmission patterns therein. For 
instance, for each identified access point, the transmissions of 
said access point may be filled into a time chart, and said time 
chart then is processed to detect if there are any periodicities 
or similarities therein, e.g. by applying interpolation or 
extrapolation techniques. For instance, if one station down 
loads data from the internet, there will be continuous trans 
missions of large data blocks of said identified access point 
followed by short acknowledgments of said station. However, 
identifying the access point may not be necessary as long as 
transmission patterns of said access point or of all non-iden 
tified access points taken together can be identified. Recep 
tion of transmissions from said other access points by said 
access point 301-1 may be improved by the deployment of a 
spatially selective antenna, which may further allow for the 
estimation of transmission parameters of said other access 
points that may be used to direct transmission peaks or trans 
mission nulls towards said other access points. According to 
the present invention, said access point 301-1 adapts its own 
transmissions to said detected transmission patterns of said 
other access points 301-2. . .301-4. In this way, the situation 
may be avoided that a station 302-1 at the border of the 
coverage area 306 of access point 301-1 is receiving a data 
packet from said access point 301-1 and is heavily disturbed 
by data packets transmitted to a station 302-2 positioned in 
the close vicinity of station 302-1, wherein said transmitted 
data packets stem from access point 301-4. Access point 
301-1 has observed the preceding transmissions of access 
point 301-4 and has anticipated the data transmission to said 
station 302-2, and temporally de-correlates the transmission 
of a data packet to station 302-1, i.e., transmits a data packet 
to another station in its coverage area 306 and performs the 
transmission of said data packet to station 302-1 later. 
0253) When transmission parameters from other access 
points are known due to estimation performed at said access 
point 301-1 with a spatially selective antenna, adapting the 
transmissions of said access point 301-1 to said transmissions 
of other access points may be performed under consideration 
of both the temporal and spatial characteristics of the trans 
missions of the other stations. 

0254 As depicted in FIG.9, said access point may as well 
observe the transmissions of a base station 401 of a different 
wireless communication system comprising said base station 
401 and three stations 402-1 ... 402-3, for instance a further 
WLAN or a mobile communication system, which may be 
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operated according to a different standard, but nevertheless be 
able to cause interference to said wireless communication 
system said access point is operating in. Of course, identifi 
cation of said base station then is no longer possible, but it is 
still possible to detect the transmission patterns in general, for 
instance by considering all transmissions that can not be 
identified as to stem from one Surrogate transmitter. Further 
more, the signal format may be analyzed in order to detect 
from which kind of transmitter a signal was transmitted. 
0255 Apparently, by observing the transmission of other 
base stations and access points, the access point 301-1 
according to the present invention improves the coexistence 
of access points 301-1 ... 301-4 within said communication 
system and also the coexistence of the wireless communica 
tion system of said access point 301-1 and the wireless com 
munication system of said base station 401. Said observation 
techniques are only exemplarily explained for a WLAN sys 
tem with an adaptive antenna array, as in the above-men 
tioned embodiments of the present invention. Observing the 
transmission of coexisting communication systems can for 
instance also be applied in mobile radio systems such as the 
Global System for Mobile Communications (GSM), the Uni 
versal Mobile Telecommunications System (UMTS) or cord 
less communication systems such as the Digital Enhanced 
Cordless Telecommunication (DECT) system. Furthermore, 
the use of a spatially selective antenna or a distributed antenna 
is optional for the presented observation techniques. 
0256 FIG. 10 is a schematic representation of the basic 
set-up of a device to be used in a wireless communication 
system according to the present invention. Said device may be 
either an access point or a station of a wireless communica 
tion system or be integrated therein. Said device comprises a 
plurality of antenna elements 501-1 ... 501-4 with associated 
Transmit/Receive (TxRx) modules 502-1 ... 502-4 that per 
form signal amplification, frequency conversion, etc. Said 
antenna elements actually belong to two devices in said wire 
less communication system, i.e., antenna elements 502-1 ... 
502-3 form the antenna elements of a first device, for instance 
a first access point, whereas antenna element 502-4 belongs to 
a second device (indicated by the dashed boxes). Saidantenna 
elements may for instance be patch antennas or omnidirec 
tional antennas. Although said antenna elements 502-1 . . . 
502-4 belong to two different devices, they are interconnected 
in a way that joint signal transmission and reception is pos 
sible. Said antenna elements 502-1 . . . 502-4 thus form a 
distributed antenna. However, the description of the device as 
depicted in FIG. 10 is by no means limited to devices that 
deploy a distributed antenna, but is suitable for each device 
with a spatially selective antenna. 
0257. In the reception case, the signals received at each 
antenna element 502-1 . . . 502-4 are amplified and mixed 
down to an intermediate frequency or to the base-band, and 
are weighted in a receive signal weighting instance 503 with 
in general complex-valued weight factors that are contained 
in a weight vector that has been computed by a weight control 
instance 504. In effect, the receive signal as output by each 
TxRX module 502-1 ... 502-4 are multiplied with one of said 
weight vectors, respectively and Subsequently added to yield 
one spatially filtered signal for each weight vector that has 
been determined by said weight vector control instance 504. 
Each of said weight vectors corresponds to one station from 
which a signal is to be received, i.e. the antenna characteristic 
that corresponds to said weight vector comprises a reception 
peak towards said station and possibly reception nulls 
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towards other stations. Said spatially filtered signals, that 
represent estimates of the signals as originally transmitted by 
each respective station, are then fed into a signal processing 
instance 505, where base-band signal processing is per 
formed to de-modulate the spatially filtered signals and to 
perform error correction. If said TxRX modules 502-1 . . . 
502-4 only perform conversion of the received signal to an 
intermediate frequency, a further mixing step may be 
included in said signal processing instance 505. In an OFDM 
system, this blocks also contains a Fast Fourier Transform to 
allow for conversion of signals between the time and fre 
quency domain. Said signal processing instance then sepa 
rately outputs binary data packets corresponding to each 
respective station said device intended to receive data from. 
0258 Said receive signals as output by eachTxRX module 
502-1 ... 502-4 are further fed into a transmission parameter 
estimation instance 506, wherein blind or non-blind signal 
processing algorithms are applied in order to estimate trans 
mission parameters that are required to direct transmission 
and reception peaks or nulls towards stations. For instance, 
Such transmission parameters may be the DOAS of all propa 
gation paths in a spatial channel between a station and the 
receive antenna array 502, the attenuation, Doppler shift or 
delay of each of said propagation paths, or the spatial channel 
impulse response itself. That transmission parameters are fed 
into said weight control instance 504 and are stored in a 
routing table 507, which possesses entries for each station for 
which transmission parameters have been estimated and fur 
ther entries that characterize the stored data, for instance the 
last update time, the assessed accuracy of an estimation, etc. 
Said routing table 507 also has a connection to said weight 
control instance 504 which is of particular importance if a 
weight vector corresponding to an antenna characteristic with 
reception peaks or nulls towards a station of which is not 
currently transmitting is to be determined. 
0259 Said signal processing instance 505 also provides 
functionality to process the information contained in said 
spatially filtered receive signals. For instance, if an RTS or 
CTS message is received, said signal processing instance may 
recognize a station identifier and a variable that indicates a 
duration of a prospective data exchange between an access 
point and a station or between two access points and may set 
a NAV timer 508 accordingly. Said signal processing instance 
also feeds signals into a physical carrier sensing instance 509. 
Finally, said signal processing instance feeds signals into an 
observation instance 510 that provides functionality to per 
form the observation and the monitoring of transmissions that 
stem from devices within or without said communication 
system in order to improve the coexistence of devices in said 
wireless communication system and of different types of 
systems. 
0260 Said carrier sensing instance 509, said NAV timer 
508 and said observation instance 510 feed their respective 
output signals into a scheduling instance 511. 
0261. In the transmission case, said scheduling instance 
511 determines if binary data packets determined for the 
transmission to different stations can be concurrently trans 
mitted by means of spatial multiplexing and if coexistence 
restrictions require one of the binary data packets to be sus 
pended, because transmission of said binary data packet as a 
data packet to said respective station would cause the station 
to suffer from interference from a neighboring system the 
transmissions of which have been observed by said observa 
tion instance 510. Furthermore, virtual and physical carrier 



US 2010/0067505 A1 

sensing based on the output signals of the carrier sensing 
instance 509 and the NAV timer 508 is performed by said 
scheduling instance 511. The scheduling instance 511 has 
further access to said routing table 507, so that transmission 
parameters of stations to which data packets are to be trans 
mitted can be considered in the spatio-temporal scheduling 
process. The binary data packets that are scheduled for con 
current transmission by said scheduling instance 511 are then 
fed into said signal processing instance 505, where they are 
coded and modulated. They are then fed into a transmit signal 
weighting instance 512, wherein they are multiplied with a 
respective weight vector as computed by said weight vector 
control instance 504, which is triggered by said scheduling 
instance 511. For instance, if two data packets are to be 
transmitted to two respective stations, the scheduling instance 
instructs the weight control instance to compute a first weight 
vector for the first data packet, wherein said weight vector 
corresponds to an antenna characteristic with a transmission 
peak towards said first station and a transmission null towards 
said second station, and a second weight vector for the second 
data packet with a transmission peak towards said second 
station and a transmission null towards said first station. In 
said transmit signal weighting instance, the modulated base 
band signal corresponding to the first data packet is multiplied 
with a first weight factor contained in said first weight vector 
and fed into said TxRX module 502-1 of said first antenna 
element, whereas said base-band signal is multiplied with a 
second weight factor in said first weight vector and fed into 
said TxRX module 502-2, etc. In the same way, the modulated 
base-band signal corresponding to the second data packet is 
multiplied with the weight factors contained in said second 
weight vector and fed to the respective TxRX modules 502-1 
... 502-4 of said antenna elements 501-1 ... 501-4. In said 
TXRX modules, the base-band signals are converted to a radio 
frequency and amplified, and then fed to the respective 
antenna elements 501-1 ... 501-4. 

0262 The invention has been described above by means of 
preferred embodiments. It should be noted that there are 
alternative ways and variations which are obvious to a skilled 
person in the art and can be implemented without deviating 
from the scope and spirit of the appended claims. In particu 
lar, the present invention is not only restricted to application 
in an access point, where a large amount of data is to be 
distributed to a plurality of stations and where the relation 
between downlink traffic and uplink traffic is asymmetric, as 
it is for instance the case in browsing applications that run on 
said stations. The invention is equally well Suited for appli 
cation in Systems with symmetric uplink and downlink traffic, 
or with increased uplink traffic, and is also applicable to 
stations and relay stations of Such a wireless communication 
system. The invention thus may be deployed in single-hop or 
multi-hop networks. Furthermore, the transmission of mes 
sages and data packets is not restricted to single-cast, but also 
is possible in multi-cast situations. When concurrent trans 
missions between a first and a second station, and a third and 
a fourth station, concurrently, it is not necessarily required 
that all stations use spatially selective antennas. If said first 
station and third station use adaptive antennas to receive 
packets from said second and fourth station, respectively, the 
transmission power of the second and fourth station may be 
reduced, because the antenna gain of said first and third 
stations is higher as compared to a reception in omnidirec 
tional mode. This applies to all embodiments of the present 
invention. 
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What claimed is: 
1. A device to be used in a wireless communication system 

with CSMA-based MAC, comprising: means for transmitting 
at least a first and a second RTS message and at least a first and 
a second data packet on a transmission medium, and a spa 
tially selective antenna, wherein said second RTS message is 
transmitted after said first RTS message and before said trans 
mission of said first data packet is finished, wherein said at 
least first and second data packet are transmitted on said 
transmission medium at least partially in parallel, and 
wherein said device is adapted to use said spatially selective 
antenna to direct a transmission null towards a first station for 
the transmission of said second RTS message, to direct a 
transmission peak towards said first station for the transmis 
sion of said first data packet, and to direct a transmission peak 
towards a second station for the transmission of said second 
data packet. 

2. The device according to claim 1, wherein said device is 
further adapted to use said spatially selective antenna to direct 
a transmission null towards said second station for the trans 
mission of said first data packet, and to direct a transmission 
null towards said first station for the transmission of said 
second data packet. 

3. A-device according to claim 1, wherein said first RTS 
message is transmitted with an omnidirectional antenna char 
acteristic. 

4. A device according to claim 1, further comprising means 
for receiving CTS messages that are transmitted by said sta 
tions in reply to said RTS messages and JACK messages that 
are transmitted by said stations in reply to said data packets, 
wherein said device is adapted to use said spatially selective 
antenna to direct according reception peaks and reception 
nulls towards said transmitting stations so that at least two 
messages that are transmitted by at least two of said stations 
at least partially in parallel on said transmission medium, 
respectively, can be properly received by said device. 

5. The device according to claim 4, further comprising 
means for estimating transmission parameters that are 
required to direct transmission and/or reception peaks or nulls 
towards said stations, wherein said transmission parameters 
are at least partially estimated from receive signals at said 
spatially selective antenna that originate at least partially 
from said CTS and/or JACK messages that are transmitted by 
said stations, or from RTS messages and data packets that 
have been transmitted by said stations before. 

6. The device according to claim 1, further comprising: 
means for transmitting and/or receiving signals to and/or 
from stations that use spatially selective antennas. 

7. The device according to claim 1, further comprising: 
means for determining the duration of an idle period of said 
transmission medium, wherein said device is allowed to start 
a transmission on said transmission medium only if the dura 
tion of said idle period is larger than a first IFS, which is 
chosen smaller thana second IFS that has to be awaited in said 
wireless communication system by default in order to priori 
tize medium access of said device. 

8. The device according to claim 1, wherein said spatially 
selective antenna is a sectored antenna with dynamically acti 
vated sectors, or a Switched beam antenna, or an adaptive 
antenna array with controllable weights. 

9. The device according to claim 1, wherein said spatially 
selective antenna is a distributed antenna consisting of the 
antenna elements of at least two devices of said wireless 
communication system, wherein said devices are access 
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points or stations of said wireless communication system that 
are connected by means of a wired or wireless link so that 
signals transmitted from and/or received at the respective 
antenna elements can be jointly processed. 

10. The device according to claim 1, further comprising: 
means for controlling the transmission power that is emitted 
by said device and/or by said stations, wherein said power 
control is performed in order to reduce the overall interfer 
ence power while providing the Signal-to-Noise-and-Inter 
ference Ratio that is required for correct signal reception at 
both said device an said stations. 

11. The device according to claim 1, further comprising: 
means for observing the transmissions of other devices within 
and/or without said communication system, means for ana 
lyzing the observed transmissions in order to detect transmis 
sion patterns therein, and means for at least partially adapting 
the transmissions initiated by said device to said detected 
transmission patterns in order to reduce interference between 
said device and said other devices. 

12. The device according to claim 1, wherein said device 
represents an access point, a station or a relay in a wireless 
communication system. 

13. The device according to claim 1, wherein said wireless 
communication system is operated according to the IEEE 
802.11 standard or a derivative thereof, in particular the IEEE 
802.11g standard. 

14. The device according to claim 1, wherein said wireless 
communication system is a point-to-point or point-to-multi 
point directional radio link system that replaces the transmis 
sion lines of an xDSL system. 
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15. A device to be used in a wireless communication sys 
tem with CSMA-based MAC, comprising: means for trans 
mitting one RTS message and at least a first and a second data 
packet on a transmission medium, and a spatially selective 
antenna, wherein said one RTS message contains information 
on at least a first and a second station to which said at least first 
and second data packet are to be transmitted, respectively, 
wherein said device is adapted to use said spatially selective 
antenna to directa transmission peak towards said first station 
for the transmission of said first data packet and a transmis 
sion peak towards said second station for the transmission of 
said second data packet, and wherein said transmission of 
said first data packet takes place at least partially in parallel to 
the transmission of said second data packet. 

16. A method to be used in a wireless communication 
system with CSMA-based MAC, comprising the steps of: 
transmitting at least a first and a second RTS message and at 
least a first and a second data packet on a transmission 
medium, wherein said second RTS message is transmitted 
after said first RTS message and before said transmission of 
said first data packet is finished, wherein said at least first and 
second data packet are transmitted on said transmission 
medium at least partially in parallel, and wherein a spatially 
selective antenna is used to direct a transmission null towards 
a first station for the transmission of said second RTS mes 
sage, to direct a transmission peak towards said first station 
for the transmission of said first data packet, and to direct a 
transmission peak towards a second station for the transmis 
sion of said second data packet. 
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